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The Opening of Parliament 

On account of the: illness of His Majesty 
the King, there was no State opening of the 
first session of the new Parliament on Tuesday 
morning last. The ceremony was performed by 
a Royal Commission of five peers, the King’s 
Speech being read by the Lord Chancellor, 
Lord Simonds. The Speech stated that the 
Government would make it its first duty to 
ensure the national safety, and, in concert 
with the other members of the Commonwealth, 
the U.S.A, and our European partners, would 
share in @ supreme? effort to build a more 
tranquil and prosperous world. The necessary 
measures would be taken to strengthen our 
defences, both in trained men and equipment, 
measures which would include the re-establish- 
ment of the Home Guard and the development 
of civil defence. The Speech went on to 
indicate the Government’s grave concern about 
this country’s economic situation, and said that 
drastic action was necessary to reduce the 
growing inflation in our economy which 
threatened the maintenance of the defence 
programme and which, if unchecked, must 
cause a continuing rise in the cost of living. 
A searching inquiry into Government expendi- 
ture was promised, with a view to reducing it 
wherever possible. The Speech then stated 
that the Government would seek to promote 
flexibility in the industries which had been 
brought under public management and to 
stimulate free enterprise by giving it a fuller 
share in our economic activity. The Govern- 
ment would also be mindful of the great 
demands on our productive capacity and would 
consider all methods for creating that spirit of 
partnership between management and workers 
on which industrial harmony and a higher level 
of productivity must depend. There followed 
a reference to the Government’s concern about 
the shortage of labour which had handicapped 
production. Finally, the Speech intimated 
that a Bill would be placed before Parliament 
to annul the Iron and Steel Act with a view to 
the reorganisation of the industry under free 
enterprise, but with an adequate measure of 
public supervision. Other measures announced 
in the Speech were proposals to facilitate the 
extension of private road haulage activities, 
a measure for strengthening and widening the 
activities of the Monopolies Commission, and 
authorisation for the continuation in force, for 
a period, of certain emergency enactments and 
defence regulations due to expire next month. 


International Mechanical Engineering 
Congress 

FoLLow1ne a meeting in London on Monday 
of the organising committee of the International 
Mechanical Engineering Congress, it was 
announced that the fourth congress is to be 
held in Stockholm from June 4 to 10, 1952. 
The papers and discussions will deal principally 
with improvements of materials used in engi- 
neering manufacture. This congress, it will 
berecalled, is organised by the trade associations 
serving the mechanical engineering industry 
of twelve European countries (Belgium, Den- 
mark, Finland, France, Western Germany, 
Great Britain, Italy, Netherlands, Norway, 
Spain, Sweden and Switzerland). Visits to 
several engineering works around Stockholm 
have already been arranged as part of the 
congress programme, and in the following week 
there will be an optional tour to the principal 
industrial centres of Sweden. Information 
about participation in the congress can be 
obtained in this country from Mr. A. W. Berry, 
director of the British Engineers’ Association, 
32, Victoria Street, London, 8.W.1. 





Manchester Ship’ Canal Appointments 


THE Manchester Ship Canal Company has 
announced this week the appointment of Mr. 
Charles H. Gibson, A.M.I.Mech.E., A.M.I.N.A., 
as mechanical engineer in succession to Mr., 
T. A. Guest, A.M.I.Mech.E., who has retired 
on account of ill health. Mr. Gibson, who is 
fifty-four, was educated at Rossall and Sand- 
hurst, and in the first world war he held a 
regular commission in the Manchester Regi- 
ment. Mr. Gibson joined the Manchester 
Ship Canal Company in 1927 and in the follow- 
ing year was appointed superintendent at 
Ellesmere Port. During his period of office 
there a big development programme was 
carried through under his supervision, including 
the building of a new quay, the construc- 
tion of transit sheds and the installation of 
a double unit coal conveyor. Mr. Gibson has 
been an assistant to the mechanical engineer 
since 1936. Mr. Guest, who has been mech- 
anical engineer since 1941, has been in the 
Manchester Ship Canal Company’s service for 
thirty years. He served his apprenticeship with 
Tangyes Ltd., of Birmingham, and then went 
to the L.N.W.R. works at Crewe as an improver 
under Mr. C. J. Bowen Cook, then chief mech- 
anical engineer. Subsequently Mr. Guest 
served as a marine engineer with T. and J. 
Harrison and with Elder Dempster Lines. 
During the first world war he was appointed 
officer-in-charge of the building of shallow- 
draught ships for the British Government at 
the Anglo-American Nile Company’s works at 
Cairo. When Mr. Guest joined the Manchester 
Ship Canal Company in 1921 he became an 
assistant to the mechanical engineer and for 
some time had charge of the works at Ellesmere 
Port. During his service with the company Mr. 
Guest has been responsible for the design of 
many items of mechanical handling equipment 
now in use in the Port of Manchester. 


Road Traffic Census 


THE results of a census of cars and motor- 
cycles made recently by the Automobile 
Association indicate a decrease of rather more 
than 2 per cent since last year in the use made 
of private motor vehicles. In 1950 there was 
an increase of over 27 per cent, but allowance 
must be made for the fact that petrol rationing 
was in force the previous year. The census was 
taken for seven days, primarily to assess 
fluctuations in traffic movement and the need 
for any adjustment in the disposition of the 
A.A. patrol service. Although by no means 
conclusive, the figures provide some interesting 
comparisons with those obtained on the same 
twenty-two roads in Great Britain almost 
exactly twelve months earlier. In a report on 
the census, which has been issued this week by 
the Automobile Association, it is stated that 
the count was made from 9 a.m. to 1 p.m. and 
from 2 p.m. to 6 p.m. each day from September 
17th to 23rd inclusive, a total of fifty-six hours. 
In all, 441,011 cars and 46,757 motor-cycles 
were recorded, decreases of 1-03 per cent and 
11:21 per cent respectively. The overall 
decrease compared with last year was 2-11 per 
cent. As in 1950, the busiest road was the 
London-Guildford-Portsmouth Road, where 
47,986 cars (—8-09 per cent) and 7421 motor- 
cycles (—9-91 per cent) were recorded at 
Esher. Next was the Preston-Blackpool Road 
with 40,728 cars (+28-57 per cent) and 3857 
motor-cycles (+ 26-05 per cent), followed by 
the Watford by-pass with 36,704 cars (—6-36 
per cent) and 5747 motor-cycles (+15-45 per 
cent). Only one other road—the Great North 
Road at Stanborough, Hertfordshire—carried a 
total of more than 30,000 private vehicles. 


Most of the increases were recorded on routes 
radiating from London, but two notable 
exceptions were the Folkestone and Colchester 
roads. Decreases were general in the west and 
south-west, but the Preston-Blackpool road, by 
contrast, showed the greatest increase of all. 
On the Edinburgh-Glasgow Road a rise of 
24-13 per cent in cars was accompanied by a 
fall of 40-91 per cent in motor-cycles. 


Controller of Guided Weapons and 
Electronics 

Me. 8S. 8. C. Mrrcnett, C.B., M.I.Mech.E., 
has been appointed controller of guided weapons 
and electronics in the Ministry of Supply in 
succession to Air Chief Marshal Sir Alec 
Coryton, K.C.B., whose release from the public 
service was recently announced. Mr. Mitchell, 
who is forty-nine, will bave charge of all work 
in the research, development and production of 
guided weapons in this country. He will also 
be responsible for directing the Ministry of 
Supply work on electronics research, develop- 
ment and production. Mr. Mitchell was 
educated at the Edinburgh Academy and the 
Royal Naval Colleges at Osborne and Dart- 
mouth. From 1918 to 1931 he served with the 
Grand Fleet and the Mediterranean Fleet and 
took courses as a gunnery specialist. Mr. 
Mitchell joined the Naval Ordnance Inspection 
Department at Woolwich in 1931, and four 
years later he was appointed second-in- 
command of the gun section at the Armament 
Design Establishment. In 1938 Mr. Mitchell 
became deputy inspector of naval ordnance at 
Portsmouth, and in the following year he took 
charge of Admiralty ordnance contracts in 
Switzerland. In 1940 Mr. Mitchell was 
appointed chief inspector of naval ordnance, and 
from 1941 to 1944 was inspector of naval 
ordnance in New York. He returned to the 
Armament Design Establishment in 1944 as 
superintendent of the gun section, and in 
October, 1945, was appointed head of the 
Establishment as chief engineer of armament 
design. 


Award of the Kelvin Medal for 1950 


Tue award for 1950 of the Kelvin Medal was 
made on Tuesday last, November 6th, to Dr. 
Theodore Von Karman, F.R.S. The medal was 
presented to Dr. Von Karman at the Institution 
of Civil Engineers by the Viscount Runciman of 
Doxford, the retiring president of the Insti- 
tution, Dr. W. H. Glanville, being in the 
chair. The Kelvin Medal, it may be recalled, is 
awarded triennially in recognition of eminent 
work in engineering or in science in those 
branches with which Lord Kelvin was particu- 
larly associated. The recipient is selected by 
a@ committee consisting of the presidents of the 
Institutions of Civil, Mechanical and Electrical 
Engineers, the Institution of Naval Architects, 
the Iron and Steel Institute, the Institution of 
Mining and Metallurgy, the Institution of 
Mining Engineers, and the Institution of Engi- 
neers and Shipbuilders in Scotland. The last 
award was made to Sir Frank Whittle in 1947. 
Dr. Von Karman is well known for his work in 
the field of fluid mechanics and aerodynamics, 
and he recalled on Tuesday that he was the 
first authority on these subjects to receive the 
award. He is a director of the Guggenheim 
Laboratory at the California Institute of 
Technology, and is a director of research at the 
Guggenheim Airship Institute. One of his 
principal interests at the present time is the 
work of the Arnold Engineering Development 
Centre, where research is being carried out in 
the development of aircraft rockets and guided 
missiles. 
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Unbalanced Supply Voltages—When the 
supply is unbalanced a different substitution 
of currents is used for deriving the steady 
state performance. It is given by the matrix 
equation : : 





the steady state torque is not 1.4.1, but 
T=4t*.G4, 
where é* is the conjugate-of 4. 
The torque equation then becomes 
= —jrml,1,*. 
Small Oscillations —The motional im- 
pedance matrix is derived in the usual way 
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the conjugate is required. 
From Z in equation (71), 
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rows and columns in the order If, 2f, 1b, 2b it 
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Since the slip is defined as the difference 
between the actual rotor speed and the speed 
of rotation of the magnetic field, the im- 
pedance matrix (77) can be considered to 
represent a motor operating in two magnetic 
fields, one rotating in the normal direction 
and the other rotating at the same speed, but 
in the opposite direction, giving a slip of 
(2—s). 

For this reason H,; and E,, are called the 
forward rotating components of voltage, and 
I,; and I,; the forward rotating components 
of current. The other voltages and currents 
are called the backward rotating components. 
These are the quantities belonging to the 
impedance matrix (77). After the analysis 
is complete the phase voltages can be 
obtained by using C*’ of equation (76) and 
the phase currents by using C of equation 
(76). 

Torque Equation.—The torque equation for 
the induction motor can be written down at 
once from the impedance matrix (70). It is 


T = M (icaiyg—tegina) + Leiggigt — igting) 
=M (‘gatyq—1,9%4)- 























The terms in L, equate to zero because 
there is no reluctance torque when there are 
regular air-gap surfaces on both sides. Under 
balanced steady state conditions the currents 
will appear as complex numbers. Therefore 





In all machines considered so far the 
steady state values of the currents appearing 
in the motional im ce matrices are 
direct currents and not functions of time. 
But here the currents are supply frequency 
currents and the hunting frequency is super- 
imposed on the supply frequency. Therefore 
two frequencies exist in the voltages and 
currents, namely, (h+l)w and (h—1)o; 
but only one frequency exists in the torque 
and speed, namely, hw. ~ 

For the sake of explanation, consider the 
following simplified matrix. 


de] _| 4 [iB 
46 








4f| ic} 


Assuming the per unit system, the fre- 
quency of i is unity, the supply frequency. 
The frequency of 4f and 46 is h. The fre- 
quency of 4e and Ai is (h+-1) or (h—1). 

The matrix equations expand to 
Ae=A.Ai+i.B.A6 (78) 
Af=i.C.Ai+DA6 . (79) 

(a) When the frequency of Je is (h+1) :— 

In equation (78) the first two terms are 
clearly of the correct frequency, namely 
(k+1). The frequency of «.B.46 is 1 plus h 
which is also right. In equation (79) the 
frequency of the first and last terms is h 
as it should be, but the frequency of +. C . 4i 
is 1 plus (h+1), which is incorrect. 

Now 4 (and therefore 4i) in the steady 
state is a complex number. It can be shown 
that if, in the product of two complex 
numbers representing different frequencies, 
the conjugate of one of them is taken, the 
resulting frequency of the product is the 
difference of the two; the frequency of the 
conjugate number is subtracted from the 
other. It follows that when i*.C. Ai is 
written in equation (79) instead of +.C . Ai, 
the resultant frequency becomes —1 plus 
(h+1)—that is, the required frequency h. 

(b) When the frequency of 4e is (h—1) : 

By applying the same procedure, it is 
found that when the frequency is (h—1) 
the term i. B . 46 is wrong, and it is neces- 
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sary to use instead #*.B.46. On the othy 
hand, +. C . 4i needs no change. 

Therefore, in substituting for steady stat, 
values for an oscillating frequency of (h+1) 
replace p throughout by j(h+1), except in 
the last column, 6 throughout by (1-)) 
inductances by their oeenyentinc react. 
ances, and ¢ throughout the last row by j*. 
In the last column, write jh for p. 

For an oscillating frequency of (h—1), the 
replacements are the same excep) tha 
(h—1) is used instead of (h+1); and i, in 
the last column instead of the last row, iy 
replaced by 1*. 

The motional impedance matrices b« come 

Matrix A, at the foot of this paye, 
for a frequency of (h+-1) in 4e, and 
Matrix B 
for a frequency of (h—1) in 4e. 


GENERAL CoMMUTATOR Macutn:'s 


The section dealing with d.c. machinvs con. 
sidered only those whose brushes are placed 
in the direct and quadrature axes. The veneral 
commutator machine may have its brushes 
in any axis, and the class includes not only 
d.c. machines with brushes set away from 
neutral positions, but all a.c. commutator 
machines. 

The procedure is to write down the oper. 
tional impedance matrix as though ther 
were sets of brushes on the direct and quadra- 
ture axes, and then write down a connection 
matrix relating the fictitious direct and 


, q Axis 


= fo} Axis 





quadrature axis rotor currents to the actual 
rotor currents. Application of equation (68) 
then gives the operational impedance matrix 
of the machine. Machines with salient poles, 
or with single-phase stator windings, are 
based on the fundamental machine, while 
those with polyphase stator windings and 
regular air-gap surfaces are based on the 
balanced polyphase induction motor. An 
example of each type will now be considered. 
The Repulsion Motor—The connections 
of the repulsion motor are given in Fig. 9. 
The stator winding is single-phase, and there- 
fore it is convenient to treat its axis as the 
direct axis. Both air-gap surfaces are 
regular. The rotor has a commutator wind- 
ing, and the brushes are placed at an angle « 
to the direct axis. They are short circuited. 
With brushes placed in both direct and 
quadrature axes, the operational impedance 
matrix is exactly the same as the matrix 
(20), but owing to the regular air-gap surfaces, 
it can be slightly modified, because L, and 
LI, are equal and can be written L,. The 
suffixes ¢ and r are used for stator and rotor 
windings instead of f and a, as in (20). 
With these changes, matrix (20) becomes 
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When the brushes are placed in a single 
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axis in the position shown in Fig. 9, the 
fictitious currents ig and # are no longer 
independent ; they have become components 
of the actual rotor current ¢,, and their 
relation. to # is given by 
ony 
td=tr COS & 
ig=1y Sin o 
Thercfore, these are equations of constraint 
between the currents, and the coefficients 
on the right-hand side form the connection 
matrix —equation 80, where rows and columns 
8 r 
g|7 


C= d 
q|_ | sine) 80) 








cos & 

















have been labelled for clarity. It is usually 
no more necessary to write out the equations 
of constraint than it is for winding inter- 
connections ; with practice the connection 
matrix can be written down by inspection of 








the diagram. 
From C and Z, 
rstlgp Lagcos @.p 
C.2.C0=2'= ; 
Lag(cos@.p-sin@.O) r, +l pp 














For the steady state matrix in the per unit 
system, write j for p (since the currents are 
supply frequency currents), and v for 6, where 

actual speed 
™ synchronous speed 


and is the per unit steady state speed of the 





v 








rotor. Then, changing inductances to 
reac tances, 
a Is t+ jXg iXqqcos 
Xqa(jcos@—vusin@)} r,+jxp 














The transient torque is 
T = — Migzig sin « 
and the steady state torque is 
= —Zadie*is Sin a. 
Since the brushes are short-circuited, the 
applied voltage matrix is 


A 


The equations of small oscillations are 
found by the routine method to be 

Aes=(1s+ Lgp)Ats+ Lag cos a.pAir, 

O=Laa(cos a.p—sin «.6)Ais+ (tr+ Lapp) Air 
—itgLaa sin a.Aé 
Af =igLea sin a.Atg+tpLag sin «.Air+ IpAd. 

The substitutions for steady state hunting 
are the same as for the induction motor, 
because the currents i, and i, are supply 
frequency currents. 

Multi-Speed Polyphase Motor —This ma- 
chine has two polyphase stator windings and 
one commutator type rotor winding with 
polyphase brushgear. The connections are 
shown in Fig. 10, where conversion to two 
phases has nm assumed. The machine 
operates normally with the angle of shift p 
zero, OF small. The auxiliary stator 
winding labelled 3 is provided with tappings, 
so that the number of turns in circuit can 
varied. The machine has regular air-gap 
surfaces and is therefore equivalent to a 
balanced. polyphase induction motor with an 
extra stator winding. It can be analysed in 
terms of one phase only. The purpose of 


winding 3—the tertiary winding—is to apply 
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a suitable voltage to the secondary of the 
part that forms the induction motor, 
thereby altering its speed and power factor. 
The im; ce matrix for the induction 
motor (75) is first written down and an extra 








row and column added for the third winding. 
The third row and column can be filled in at 
once if the connections between stator and 
rotor are considered removed, thus : 











y+ jxy| Km Xmr 
Z= | j8m |tytjsxg| jsXm 
ow Xm | ty tiXs 

















The mutual inductance between windings 
2 and 3 can be considered equal to that be- 
tween windings 1 and 2, namely, M. This 
does not apply to the mutual inductance 
between windings 1 and 3, which is denoted 
by M,, whose magnitude is slightly greater 
than that of M. The reactance corresponding 
to M, is Ling. 

When the connections are made, the three 
independent currents are reduced to two. 
Since the tappings in the tertiary winding 
make the turns ratio variable, it is desirable 
to use the symbol r for the actual ratio of 
effective turns in winding 3 to those in 
winding 2. When the angle p is zero, the 
current I, before interconnection is related 
to I, by I,=rI,. Fig. 10 shows that when p 
is not zero there are the following relations :— 


t5a=1(t9¢ COS P45 8in ¢). 











But since 
ig=I, 
tw=I, 
and 
tgg= —jl 
under steady state conditions, 
I,=1I,(cos p—j sin p) 
=rI,e-JP. 
Therefore the connection matrix is 
AE 
)7 
wt? 1 
3| | rel 














This is a complex connection matrix, and 
from 


2’=C*’. ZC. 
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matrix. From it the motional impedance 
matrix can be set up from the rules given. 
The same analysis applies to the Schrage 
motor, for it works on the same principle. 
In the Schrage motor, windings 1 and 3 are 
on the rotor, while winding 2 is on the stator. 
The commutator is connected to the tertiary 
instead of the secondary winding; thus, 
commutator and brush gear are inter- 
changed. Instead of varying the injected 
voltage by tappings in the tertiary winding, 
the well-known Schrage method of brush 
separation is used. Thus, voltage and speed 
variation are not stepped but continuous. 


Summary or THE MopEeRN METHOD oF 
ANALYSIS 


By the methods described the impedance 
matrices (operational, steady state and 
motional) of any machine to which two-axis 
theory can be applied may be quickly 
obtained from the fundamental machine. 
The steps in the chain of developing the 
voltage equations can be summarised as 
follows, by considering the development of 
the steady state equations of the Schrage 
motor. 

The Schrage motor may have three 
primary phases and several secondary phases ; 
@° common number is seven. With three 
primary and seven secondary phases there 
are seventeen original equations based on 

e=ri+p(Ih) 

one for each phase winding, since the wind- 
ings are initially considered to be discon- 
nected and independent. The simplifications 
now made to render solutions possible con- 
sist entirely of successive substitutions. 
Sometimes the final equations are in terms 
of the voltages and currents required, but 
sometimes they are in terms of fictitious 
quantities, and the required quantities have 
to be obtained by reverse substitutions. 

The successive substitutions in the Schrage 
motor would be : 

(1) Replace the actual currents and volt- 
ages by the equivalent. two-phase system 
in all windings. This reduces the number of 
equations from seventeen to six. 

(2) Replace the variable inductances by 
constants and functions of @, the rotor 
position. This step replaces a large number 
of variable industances by constant induct- 
ances and one variable, the rotor displace- 
ment from the direct axis. 

(3) Make the standard substitutions for 
the rotor currents leading to the elimination 
of @. This step renders the six equations 
linear. In the routine method using boxes, 
this can be made the starting point by writing 
out the impedance matrix with six rows and 
columns. 

(4) Multiply all the q phase currents in 
all three windings by —j, and equate to the 
corresponding d phase currents. This sub- 
stitution relates to steady state working and 
assumes balance in all windings. It reduces 
the number of equations to three. In salient 

pole machines this 





tig 


itm + jlmrre “J 


step is omitted. 
(5) Examine the 











stm + iXmrve 1? 


Fg t j8Xq + 12( ryt jXg) + j3km re~IP + jxm re Je 





winding interconnec- 





The steady state torque equation follows 
from the rules given. The operational 
impedance matrix can be found by starting 
from the operational impedance matrix of 
the induction motor (70), and adding two 
rows and columns, making six in all. Appli- 
cation of the appropriate connection matrix 
then reduces it to four rows and columns; 


that is, the required operational impedance 


tions and brush 
positions, and write 
down the relations 
between currents set up by the con- 
nections. Only two currents are now 
independent, and the substitution of these 
two currents reduces the number of equa- 
tions to two. These two equations are the 
required voltage equations of the machine. 
Steps (1) to (5) give the complete procedure 
in the analysis. In none of them is it essential 
to use boxes; the ordinary algebraic mani- 
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pulations are sufficient, but may be extremely 
laborious. The introduction of the matrix 
technique : 

(a) Facilitates the substitutions. 

(b) Enables impedance matrices to be 
written out simply by inspection of the 
winding arrangements. 

(c) Enables connecticn matrices to be 
written out simply by inspection of winding 
connections and brush positions. 

(d) Provides all the additional advantages 
of matrix methods in conciseness and power. 

An advantage of the method is that it is 
unnecessary to go through every step in 
the analysis. The first part covering steps 
(1) to (3) is done once and for all, for the 
fundamental machine, and other machines 
can start at step (4). It is possible to make 
the starting point even later. In developing 
the multi-speed commutator motor, a begin- 
ning was made with the three equations at 
the end of step (4), and only the final step 
in the analysis was necessary. Thus, the 
correlation between machines is so complete 
that the analysis of new machines is built 
on that of machines already analysed. 
Although the various types of machines are 
so different in appearance, characteristics, 
applications and cost, they are mathematic- 
ally alike; they differ at most by a connec- 
tion matrix. 

This powerful method of machine analysis 
has so much to recommend it that it can 
hardly fail to establish itself. Only the 
elements of matrix algebra are required in 
the analysis ; there is thus so little to learn 
in the box technique that only a modest 
standard of mathematical ability is needed 
to master it. 

The connection matrix ‘can also be applied 
to the interconnection of groups of machines, 
including static apparatus. But, in general, 
the simpie transformation denoted by 
Z'=C’ .Z.C is incorrect, because any p 
in Z applies to C as well as i, and unless the 
elements in C are, as in single machines, all 
constant in time, the transformation equation 
is much more complicated. It is then an 
advantage to use tensor methods for deriving 
the equations of transformation. 

The question sometimes asked is: where 
do tensors come in? The artlessness of this 
question recalls the surprise of M. Jourdain 
in finding that although prose is a branch of 
literature, every remark he had ever made 
was prose; for the whole technique of sub- 
stitutions, as used in this analysis, is based 
on tensor concepts. Fortunately, only the 
elements of tensor analysis are involved, and, 
therefore, it has been possible to keep 
tensors out of the discussion. With more 
complicated systems, it becomes increasingly 
difficult to do this, but even when it becomes 
necessary to use tensor mathematics the 
manipulation of the elements in the tensors 
is still best accomplished by the box tech- 
nique described in this analysis. 
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The Railway Civil Engineer To-day’ 


By A. 8. QUARTERMAINE, C.B.E., M.C., B.Sc. (Eng.) 


URING the nineteenth century con- 

struction was the great objective of the 
railway companies and railways were pro- 
jected and built in every direction, until, 
by the end of the century, the country was 
traversed by a network of lines serving all 
districts. Now the position is that the rail- 
ways exist and it is sometimes said without 
thought that their days are numbered, as 
they will inevitably be superseded by road 
and air transport. You will not be sur- 
prised that I do not subscribe to this view 
and I would like to give some indication of 
the position as I see it. 

In Dr. Glanville’s brilliant Presidential 
Address he referred to the congestion which 
already occurs on the roads, particularly in 
and around large cities. A five-year pro- 
gramme has since been recommended to the 
Minister of Transport by the London and 
Home Counties Traffic Advisory Committee, 
involving an initial expenditure of about 
£20 million in London at the earliest possible 
moment and confirming the approaching 
critical situation in the London area. Every 
addition to road traffic adds still more to the 
inevitable difficulties which must arise in a 
country the size of Great Britain when the 
number of vehicles on the roads is increased 
at a much greater rate than the improve- 
ment of roads to carry them. Partly as a 
result of two world wars the rate of produc- 
tion of road vehicles has been increased and 
the construction of roads had been delayed 
through lack of labour. It may be said 
that this will cure itself in a few years by 
expenditure on road improvements through- 
out the country and much could no doubt 
be done in this way. What is really happen- 
ing is that construction work, even on 
arterial and by-pass roads, which was too 
slow before the war, is now by force of cir- 
cumstance reduced beyond recognition. The 
more serious problem, however, of dealing 
with any considerable increase of road 
traffic into major towns is a far greater one, 
involving unpredictable delay and vast 
expense. 

In the London area surface traffic at 
peak hours has reached saturation point and 
for such traffic further tube railways will 
doubtless prove the quickest and cheapest 
and probably the most certain means of 
improvement. It-seems essential that an 
early start should be made with the. most 
urgent section of new tube railway, followed 
by steady progress with a long-term pro- 
gramme. 

Most of us are aware that the main line 
railways carry an immense amount of traffic, 
though it may not be remembered except 
at holiday times. In 1950 the main lines 
handled 1000 million passenger journeys 
and 22,000 million net ton-miles of freight. 
During the morning rush hour at the main 
line termini in London 3300 passengers 
arrive per minute. If this traffic were 
gradually transferred to the roads it is 
clear that transport throughout the country 
and the approach to large towns would become 
chaotic, in spite of all the prodigious efforts 
which might be made and the crippling 

* Institution of Civil Engineers, Presidential Address, 
Nov. 6th. Abstracts, 








expenditure which would be incurred in a) 
attempt to match the roads to the traffic 
Lengthy journeys by car at busy time 
already involve joining queues travelling 
behind slow-moving lorries, whilst each ca; 
awaits an opportunity to pass in safety, 
On the long stretches of main roads of two. 
car width the delay in passing is often 
prolonged and a further queue is reached at 
no great distance ahead. If the railway 
passengers and freight which I have just 
mentioned were added to these queues and 
to the congestion entering and leaving large 
towns, the temperatures of cars and drivers 
would rise, the speed of transport would fall 
and the disastrous story of road accidents, 
estimated to cost about £100 million per 
annum, would become an even greater 
national tragedy. Furthermore, the stra. 
tegic value of the railways would be lost 
and the burden carried by them during the 
war, when the traffic was so heavy that 
intending passengers were exhorted to avoid 
rail travel, would, if placed upon the roads, 
be a menace to our security. 

In mentioning these extreme conditions 
it is not my intention to argue a case for 
rail in preference to road traffic, but to 
indicate that both forms. of transport are 
essential in this highly industrialised and 
heavily populated country. The British 
Transport Commission are applying them. 
selves to the difficult task of integrating all 
forms of transport and this is clearly the 
urgent problem with which we are faced. 


CAPITAL INVESTMENT 


The existing railway system, which would 
cost about £3000 million to construct to-day, 
is an invaluable heritage, which must be not 
only maintained and used to the best advan- 
tage, but also improved wherever necessary 
to ensure that the country reaps the greatest 
benefit from it. By this I do not infer that 
there are not many railway branch lines and 
stations which can no longer justify their 
existence. Such deadwood should be and 
is being cut out of the railway tree. The 
rest of the tree, however, should be nur- 
tured and fertilised and not starved into a 
state of unfruitfulness to the . everlasting 
detriment of the nation’s economy. Redue- 
tion in operating and maintenance expendi- 
ture is essential, but wise capital investment 
on improvements is equally necessary. The 
confidence of all associated with the actual 
running of the railways needs to be strength- 
ened by the certain knowledge. that the 
industry must and will advance and that 
policy will be directed to this end. The 
present unavoidable curtailment of capital 
expenditure, if pushed too far, may not only 
retard the post-war convalescence of the 
railways, but set them back so far as to 
cripple them permanently. With all the 
commitments facing the country efficient 
transport by rail and road is of first impor- 
tance and expenditure on revitalising this in 
a co-ordinated manner is imperative. The 
late Minister of Fuel and Power said that 
rearmament must not be allowed to check 
investment in the mines because coal is 4 
vital defence requirement. May I add 
“so also is transport.” The railway engi- 
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neer desires to assist in the wise planning and 

y execution of construction works to 
rovice better, quicker and, if possible, 
cheaper service. By varivuus methods he is 
achieving some success in handling the 
problem of labour shortage, but like many 
others he wants a far higher place in the 
queue for materials. 


MAINTENANCE 


The ever-present problem to which the 
engineer directs his thoughts and energies 
is the vast and varied task of maintaining 
the existing way and structures. In general 
this might be ibed as the more econo- 
mical design, use of materials and execution 
of civil engineering work, the better organi- 
sation of the considerable manpower em- 
ployed, constant research into improved 
methods and the most effective application 
of mechanical equipment. The annual civil 
engineering bill for maintenance is over £50 
nillion and to ensure every effective reduc- 
tion in this without loss of efficiency necessi- 
tates the employment of staff with engineer- 
ing training, experience and ability of a high 
order. 

During the 100 years or more that many 
of our railways have been in existence much 
has been done to improve the standard of 
construction by replacing original timber and 
cast iron structures by stronger and more 
lasting ones, providing heavier permanent 
way and better curves, improving signalling, 
track formation and many other features. 
This work does not cease with the passage 
of time, as structures continue to wear out 
or deteriorate to a point beyond which it is 
no longer practicable nor economical to 
repair them and renewal becomes necessary. 
In addition, many stations, goods sheds, 
locomotive depots, and similar works, need 
reconstruction on modern lines due to obsoles- 
cence. Reconstruction and modernisation is 
normally undertaken in a way which will 
give the best and most lasting results for the 
least expense in first cost and subsequent 
maintenance. On the other hand, there are 
sometimes cases where it is reasonably 
certain that change of traffic or policy will 
render a structure redundant in a compara- 
tively short time. Long life is not then one 
of the essentials and the cheapest building 
to meet the requirements is all that is needed. 
It is, nevertheless, necessary to inject some 
engineering economics into the department 
asking for cheap buildings, otherwise the 
money saved in the cheapening process may 
have to be spent subsequently by the unfor- 
tunate engineer on the costly maintenance of 
these utility models. 

The civil engineer has to direct his atten- 
tion to a great variety of maintenance works, 
but I will refer briefly to only three—bridges, 
tunnels and the formation under the track. 


BRIDGES 


British Railways have over 60,000 bridges 
of all shapes and sizes up to the largest, the 
Forth Bridge, and of ages from one to over 
100 years. Many of the old masonry and 
brick arch bridges and viaducts are almost 
as good as when constructed ; others develop 
a variety of defects. The more usual, 
such as bulging spandrels, cracked arches, 
perished brickwork, and decomposition of 
mortar, can be dealt with by well-established 
practices. Foundation settlement and dis- 
torted arches afford more scope for ingenuity 
in repair. 

Most of the oldest metal bridges are of 
wrought iron and many are over ninety 
years old. These have some of the charac- 
teristics of the old soldier, but they do ulti- 
mately expire as do the less aged steel 
structures. There are, in consequence, 
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plenty of opportunities for evolving improved 

igns based on experience of the behaviour 
of old bridges, and our present knowledge of 
riveted or welded steelwork, reinforced 
concrete and prestressed concrete of various 
forms and methods of fabrication. The 
present need for conserving steel is an added 
incentive to the greater use of reinforced 
concrete, whether prestressed or not and 
always before us is the desire to find new 
and better materials and forms of construc- 


‘tion, the guiding principle being reasonable 


first cost,’ long life and low maintenance 
expense. The problem of speedy erection, 
however, generally affects the design, as the 
actual replacement of most bridges carrying 
the railway must be undertaken on Sundays 
and may have to be completed in a few hours 
because trains, unlike lorries and cars, can- 
not be diverted to side roads for several 
weeks. 


TUNNELS 


There are on the British Railways 1085 
tunnels with a total length of 310 miles. 
Many of these are 
approaching or over 
100 years old and most 
have withstood the 
passage of time 
well. Their principal 
defects, the deteriora- 
tion of mortar and 
sealing of brick or 
masonry linings, are 
repaired by deep 
pointing or cutting out 
and replacing one or 
more defective rings 
in short lengths as 
necessary. Less fre- 
quently a tunnel may 
require drastic treat- 
ment, due to serious 
distortion of the arch 
or side walls, involv- 
ing @ new invert or 
complete relining, or 
it may even be 
necessary to  con- 
struct an entirely new 
tunnel. 

At the present time 
there is in hand the 
construction of a new 
double-line tunnel, just 
over 3 miles in length, 
on the Manchester- 
Sheffield line, through 
the Pennines between 
Woodhead and Dun- 
ford Bridge stations. 
The lining of the existing twin tunnels, 
after 100 years of life, has deteriorated so 
much that further economic maintenance 
under intensive traffic conditions has become 
impracticable. The construction of the 
tunnel was commenced in March, 1949, and 
the pilot heading completed last May. 

Such works are fortunately exceptional, 
but the railways are never without tunnel 
problems somewhere. In two recent cases 
the side walls settled and moved inwards, 
involving in one tunnel very heavy inverting 
and relining and in the other the complete 
opening out of the length affected. 


TRACK FORMATION 


Efficient and economical maintenance of 
the permanent way presents a serious 
drainage problem, which is still the subject 
of experimental research. Water is very 
frequently a source of trouble to the engineer 
and it: is particularly so under the railway 
track. In theory rain water should drain 
through the ballast and pass harmlessly to 
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the side drains or ditches. Much of it behaves 
in this way, but where the formation is a 
cohesive material, such as clay, of low shear 
strength when the moisture content is high, 
it is a constant fight between the clay’s 
readiness to increase its moisture content 
beyond stability and engineers’ efforts to 
remove the water before this occurs. Once 
the clay gains a lead on the engineer it 
rapidly takes charge, as the resulting slurry 
holds the water and passes into the open 
joints of drains, sealing these and impeding 
or stopping further water reaching the drains. 
This is the beginning of what might be 
described as “ Operation Porridge,” as the 
slurry rises up through the ballast, rendering 
the engineer almost powerless until he 
removes the track and digs out the offending 
mixture of ballast and slurry down to a 
level at which the clay is in its undisturbed 
state. On this new formation he must start 
afresh, carrying out a process known as 
“ blanketing.” In the past a layer of ashes 
was tried with little success and fine sand 
proved to be a better material. Now it is 
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considered that more lasting results will be 
obtained by a thickness of lft or more of 
stone dust, rolled or tamped mechanically 
before adding a layer of coarser material 
graded upwards to the size of ballast, on 
which the ballast itself is spread and the 
track replaced. At the same time the side 
drains must be renewed at a suitable level 
to draw off the water before it ever reaches 
the clay again. Other methods have been 
tried, including cement grouting, sand piling, 
sand infiltration, and even laying concrete 
slabs on the formation. Considerable lengths 
now require treatment, due to neglect 
during the war and subsequent shortage of 
labour. Whilst lasting results are essential, 
we need to find means of expediting the 
work and reducing the cost. In any event 
the restoration of defective track formation 
and drainage cannot be deferred if we are 
to provide better running and a subsequent 
decrease in maintenance expense. 
Improvement of the railways and reduc- 
tion in the cost of maintaining the way 
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and works can only be achieved by com- 
pining hard-headed railway experience with 
a progressive spirit of research and develop- 
ment. This involves investigation of the 
problems by skilled and well trained engi- 
neers. Mediocrity and accountancy will not 
be suflicient. 

Opportunities are accordingly provided to 
graduates and young men of matriculation 
standard for training under agreement in 
accordance with the Institution require- 
ments; at a later stage selected young 
engineers showing more than average com- 
petence are picked for further special training 
or for brief tours on Continental railways, or 
to attend courses or international conferences 
on engineering subjects. 

With the clear necessity for making the 
railways more efficient, whether it be by the 
extension of electrification, the mechanisa- 
tion of goods working, the improvement of 
design to reduce cost, the wider application 
of modern techniques, the profitable expan- 
sion of the use of mechanical plant, or any 
other advance on older methods, an essential 
need is for engineers who are skilled in their 
work and earry it out in a way which inspires 
their staff with confidence, enthusiasm and 
pride of achievement. 

It is a compliment to the railways that 
many young men aspiring to become quali- 
fied engineers recognise that railway work is 
a valuable training ground and it is necessary 
that the best of these should not be attracted 
away from the service. In an organisation 
so vast care is needed to ensure that centra- 
lised instructions and standards, necessary 
and desirable as they are, do not discourage 
the inception and development of new ideas 
amongst the staff of the Regions. Good 
engineers live and thrive on the success of 
their ingenuity and. inventiveness and the 
morale of the many excellent men, young and 
old, on the engineering staff would be lowered 
if their initiative were unduly restricted. 
Any impression that the work of a railway 
engineer is lessening in interest and oppor- 
tunities is wrong and there must be no room 
for doubt that railway service is attractive as 
a permanent career. 

Technical and organising ability is more 
than ever necessary when receipts are not 
keeping abreast of rising costs. The rail- 
ways, unlike other nationalised industries, 
cannot freely raise the price of the commodity 
they sell because of the statutory restrictions 
placed upon them and because the commodity 
is not like coal, gas and electricity, which the 
public must buy whatever the price. Rail- 
way engineers of to-day are impressed with 
the importance of reducing costs and I com- 
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mend their efforts to achieve this whilst 
faithfully carrying their heavy responsibilities. 
No praise or criticism, however, and no 
amount of skill and training will be sufficient 
unless we add also something of the spirit of 
Brunel. He lived at a time when this nation 
was creating its greatness and recognised 
that only by unflinching determination and 
incessant effort could obstacles be over- 
come. Such a spirit is needed more than 
ever to-day, both on the railways and in 
other spheres. We are proud of our famous 
engineers and now, when it seems that our 
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greatest effort’ is required, we can perhaps - 
draw guidance and inspiration from them. 
May I, therefore, in conclusion, recall the 
words spoken by Joseph Locke, President 
of this Institution, at the meeting on Novem- 
ber 8, 1859, after the deaths of Isambard 
Kingdom Brunel and Robert Stephenson :— 
“We at least, who are benefited by their 
successes, who feel that our Institution has 
reason to be proud of its association with 
such names as Brunel and Stephenson, have 
a duty to perform and that duty is to honour 
their memory and emulate their example.” 


The Works of the Steel Company 
of Wales 


No. 11—{Continued from page 556, November 2nd) 


Bast FuRNACES STOCKYARDS 

N this article last week we dealt in some detail 

with the handling and treatment of the coke 
supplies for the blast furnaces and mentioned 
that the rail-borne ore is transferred to the 
furnace bunkers by an overhead conveyor 
system. Before proceeding to describe in fuller 
detail the coke and ore supply to the fur- 
naces some particulars must be given of the 
arrangements which have been made to cope 
with the increased tonnage of imported ore 
which has to be handled and stocked. 

The blast furnaces are in fairly close proximity 
to a wharf frontage, which has been extended 
to provide increased berthing for vessels bring- 
ing ore from overseas. Between the wharf and 
the furnaces is a stockyard which is some 
1350ft long. This stockyard is bounded for its 
full length on one side by the furnace raw 
material bin walls and on the other by a con- 
crete structure carrying a line of elevated rail 
trucks for a transfer car system. 

Two ore bridge-unloaders, which have served 
the plant for nearly thirty years, are being 
replaced by three high-duty ore-unloading and 
stocking bridges supplied by Ashmore Benson 
Pease and Co. The first of these unloaders, 
each of which has a normal capacity of 500 
tons of material per ‘ 
hour, has been in 
service for some time 
and the second unit is 
now nearing comple- 
tion. It might be 
mentioned that the first 
machine has already 
proved itself capable of 
handling 800 tons of 
material an hour under 
favourable conditions. 

In one of the photo- 
graphs we reproduce, | 


showing the wharf and stockyard from one 
end (Fig. 5), there can be seen the unloaders and 
the end of elevated tracks on the wharf-side of 
the yard. These elevated tracks carry 100 tons 
capacity side-dump transfer cars, by which 
ore as it is unloaded can be transported and 
dumped at the appropriate stockpile in the 
yard. With this arrangement it is therefore 
possible to use the bridge unloaders to deliver 
ore direct to the stockpile alongside a vessel 
or by using the 100-ton transfer cars take it to a 
stockpile elsewhere in the yard, or carry it 
direct to 50-ton overhead transfer carts, which 
serve the furnace bunkers. The same plant is 
used to reclaim ore from the stockpiles to load 
the furnace bunkers when occasion demands. 

Ore from the wagon tipplers and limestone 
are delivered by the belt conveyor system to the 
high level hoppers to be seen on the right in 
the illustration of the stockyard. From these 
hoppers the materials are distributed to the 
furnace stock bunkers by the 50-ton transfer 
cars mentioned above. The coke from the 
ovens is delivered by conveyor straight to the 
furnace bunkers. 

A system of belts will link the low level 
transfer car system to an ore crushing and 
screening plant and a sinter plant, which is 
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at present being laid down on an adjoining site. 

The 100 tons capacity side discharge transfer 
cars used were supplied by the McKee Division 
of Head Wrightson and Co., Ltd., and one of 
them is illustrated in Fig. 7. These cars: are 
electrically driven by axle-hung traction motors 
and have electro-pneumatic control gear. They 
can carry @ full load of 100 tons of iron ore at 
10 m.p.h. and negotiate an 80ft radius curve. 
The pneumatically operated side-discharge 
doors are interlocked with the control gear, 
which incorporates a ‘‘dead man handle,” 
designed to give automatic application of the 
pneumatically operated brakes fitted to the 
outer four wheels of each six-wheeled bogie. 


The 50-ton bottom door transfer cars feeding 
the furnace bins were supplied by the same 
makers. 

These electrically driven cars can carry 50 
tons of iron ore at 10 m.p.h. and negotiate an 
80ft radius curve. Their bottom discharge 
doors are pneumatically operated and _ inter- 
locked with the control gear, which gives 
automatic application of the pneumatically 
operated brakes on the four wheels of each 
bogie. 

All of the blast-furnace reconstruction work 
at Margam is being carried out by Ashmore 
Benson, Pease and Co., and in one of the photo- 
graphs reproduced on page 582(Fig. 6), there can 
be seen in the background Nos. 1 and 2-furnaces 
with No. 3 furnace under construction in the 
foreground. It will be appreciated that with 
the considerably increased sizes of the new 
furnaces the. rate of charging i far 
exceeded that of the original bucket charging 
equipment, and double skip hoists using 220 
cubic feet tubs have been installed. One of 
these hoists—that for No. 1 furnace—is shown 
in Fig. 8, whilst the new No. 2 furnace can 
be seen in the rear. 

Each of the furnaces is served by 20-ton 
capacity, double-hoppered, scale cars in which 
the operator’s platform is totally enclosed and 
the controls are grouped. Through these group- 
ed controls the driver can, without leaving 
his seat or using outside assistance, operate 
the Freyne double-lip gates fitted to the 
bins, drive the car to the required skip 
hoist, dump the load in the skip and then set 
it in motion. 

The coke, which is automatically charged 
according to a preset cycle, passes over pulsat- 
ing screens into the hoppers.in which it is 
measured either by weight or by volume. 
Coke breeze extracted by the screens is elevated 
by skips to bins astride a track, whence it is 
despatched in wagons. Under the charging 
system the whole of the coke charging operation 
is performed automatically at the correct 
intervals. The operator has only to initiate 
the ascent of the ore skips after which all 
movements in the charging cycle—elevation 
of coke skips, rotation of distributor, dumping 
the small bell, withdrawing the stock rods, 
dumping the large bell—are synchronised to 
follow automatically in sequence. 
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The charging system incorporates safeguards 
to exclude operational errors ; it is also equip- 
ped with a means of meeting any contingency 
that might require resetting the cycle, adding 
additional coke, and controlling the top tem- 
perature by watering the charge. 

The hot blast stove system has been greatly 
increased in capacity, though four of the 
original stoves have been retained in com- 
mission to serve No. 1 furnace. For the larger 
No. 2 furnace, three new welded stoves, 110ft 
high by 25ft diameter, have been installed, 
and similar stoves are being erected for the 
No. 3 furnace now being built. The new stoves 
are designed with sufficient capacity to enable 
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they are merged together to form a single 9 
diameter downcomer which enters the top of 
primary dust catcher, On each furnace thy 
three topmost points of the gas offtake system, 
are surmounted by ‘ Baer ”’ explosion valves, 
The highest point of the large No. 2 furnace jg 
over 225ft above yard rail level. Eac}, skip 
bridge is supported midway on an A frare ang 
is pin jointed at top platform level. 

Gas emerging from the primary dust cx tchers 
enters vortex dust catchers, this combing. 
tion giving a very high degree of dug 
extraction. A “Bailey” thermal expansion 


goggle valve at the outlet of the vortex serves 
to isolate each furnace from the common ray 
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two units to maintain normal blast temperature 
with average wind volumes or, when three 
stoves are in operation, to maintain high blast 
temperature (1500 deg. Fah.) with maximum 
wind volume. 

The reconstruction of No. 1 furnace was 
completed in 1946 and it has now been in 
operation for over five years. It has a hearth 
diameter of 21ft 6in and it set a new high level 
for this country by producing 5420 tons in the 
week ended April 10, 1948. The second furnace 
has now been in commission since November, 
1950, and is the largest furnace yet built in 
Great Britain. The 25ft 9in diameter hearth 
of this second furnace is lined with carbon 
blocks, which are carried to a point above slag 
level. 
The construction of the third furnace is well 
advanced. It will be a duplicate of No. 2 
furnace and when the reconstruction scheme is 
completed the new plant will be able to produce 
over a million tons of iron a year using foreign ore. 

No. 1 furnace has fourteen tuyeres, evenly 
disposed between seven columns, and the other 
two furnaces have sixteen tuyeres and eight 
columns. Two systems of hearth cooling have 
been used, No. 1 furnace has an external water- 
cooled mild steel jacket, and Nos. 2 and 3 
have cast iron staves containing 2in pipes 
through which the cooling water is circulated, 
the staves being encircled by a heavy mild steel 
jacket. The columns are similar in section to 
broad-flanged beams and, as they are larger 
than could be rolled, they were built up by 
welding and stress relieved; each one weighs 
633 Ib per foot. The lintel of No. 1 furnace is 
riveted, but for Nos. 2 and 3 furnaces welded 


‘construction was adopted to simplify and 


lighten this important part of the structure. 

All: three furnaces have built-in copper 
plates, through which water circulates for 
cooling the tuyere zone, the bosh and the lower 
portion of the stack inwall. The furnace 
casings are encircled. by galleries giving access 
to the water-cooling system. Above a spacious 
platform which surrounds each furnace top is 
a bell tower carrying the bell levers and the 
skip hoist head sheaves. The bells and hoppers 
are made of cast steel and are surmounted by 
revolving distributors. Four refractory lined 
uptakes rise from the top cone of each furnace 
and, joining together above the topmost point, 


gas main which traverses the full length of the 
plant and conveys the gas, for final cleaning, to 
Lodge Cottrell wet precipitators. 

The furnace bells aré operated by Freyn 
pneumatic bell hoists, normally working on 
blast pressure; when blast is not available 
these hoists can be operated from a central 
compressed air supply. The single-motor skip 
hoist winches are fitted with controllers to 
guard against overspeed, overtravel and other 
contingencies. This equipment, and two Freyn 
stockline recorders for each furnace, are 
installed in well-appointed engine-houses. At 
Nos. 1 and 3 furnace the electrical control 
panels are installed in an annexe to the 
engine- house, but, at No. 2 furnace, space 
limitations made a separate control room 
necessary. 

When it was first conceived this furnace 
plant was not planned for a production as 
large as has since proved necessary, and when 
the first furnace was designed it was considered 
possible to handle the ladle traffic on tracks 
parallel to the line of furnaces. The cast house 
at No. 1 furnace was built astride tracks for 
this reason, but, when the much larger output 
of Nos. 2 and 3 furnaces greatly increased 
the traffic, the cast houses for these furnaces 
were laid out at an oblique angle to the lines 
of furnace, and this arrangement removes all 
congestion. The cast houses are served by 
15-ton overhead travelling cranes and the 
furnace products, iron and slag, are handled 
in 75-ton Kling hot metal ladles and 400 cubic 
feet capacity slag ladles. 

These slag ladles, one of which is illustrated 
in Fig. 9, together with their tipping gear, were 
designed by the M. H. Treadwell Company, of 
New York, and the underframe, bogies, brake 
gear and running gear by Head, Wrightson 
and Co., Ltd., the underframe and bogies being 
of welded construction throughout. 

The ladles are made of either cast steel or 
@ special cast iron and can be tipped by com- 
pressed air or steam. The ladle is carried in a 
east steel trunnion ring to each end of which is 
keyed a vertical toothed wheel meshing with 
a horizontal rack, the load being carried by 
vertical rollers running on a pedestal mounted 
on the main frame. A steam or air-operated 
cylinder is mounted horizontally on the main 
frame at one end of the car and guided by two 
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rods placed one above and one below the 
cylinder. Steam or air is admitted from the 
main line through a lZin control valve to the 
hollow piston-rod and moves the cylinder in a 
predetermined direction. This movement 
operates the vertical toothed wheel through 
the rack to tip the ladle, and at the same time 
moves it across the car. 

Head, Wrightson and Co., Ltd., has also 
supplied three ‘‘ Brosius’”’ electro-mechanical 
clay guns for the furnaces. In these guns, one 
of which is shown in Fig. 10, the nozzle pressures 
available vary from 410 Ib to 700 lb per square 
inch. 

h. operation, the boom is rotated about its 
main vertical supporting shaft by an electric 
motor and the gun is driven into the taphole 
until the nozzle is firmly in place and, when the 
motor stalls, it is held in position until the 
plugging operation is tompleted and the tapping 
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hole sufficiently firm to allow the removal of 
the gun. As no latching gear is required to 
hold the nozzle at the taphole when discharging 
the clay the taphole is clear of any obstruction, 
and site adjustment of the nozzle can be made 
by use of compensator rods in the event of the 
tapping hole moving slightly. The gun is 
automatically tilted to the correct angle as the 
boom swings towards the taphole, and the 
holes can be stopped against the full stream of 
iron and full blast pressure. 

From the blast-furnaces the molten iron is 
taken by rail for steel smelting at the Abbey, 
Margam or Port Talbot works, and that which 
is produced in excess of requirements is machine 
cast into pigs in an adjoining section of the 
works. Two pig casting machines have been 
laid down in a building specially designed for 
the purpose and which incorporates stocking 
and crane handling facilities. 


(T'o be continued) 


Heavy Forge at Sheffield 


ESTERDAY, November 8th, the new heavy 

forge which Hadfields, Ltd., has erected at 
the East Hecla Works, Sheffield, was officially 
opened by H.R.H. The Duke of Gloucester, 
K.G. The plant has been constructed to 
enable the firm to increase its facilities for pro- 
ducing bigger forgings. The equipment includes 
two hydraulic forging presses, one of 2700 tons 
and the other of 1500 tons capacity, together 
with the requisite reheating and heat-treatment 
furnaces. The project has been co-ordinated 
throughout by the works reorganisation depart- 
ment of Hadfields, Ltd. 

The forge has been designed to handle ingots 
up to 45 tons in weight and to produce forgings 
up to 40in diameter or up to 40ft long; it will 
produce rings up to 12ft in diameter and 
sleeves up to 6ft diameter and 10ft long. The 
ingots to be forged are normally transferred from 
the melting shops, in a hot condition, in specially 
constructed covered bogies to the forge bay for 
immediate reheating. They are then forged 
under one of the presses and are afterwards 
usually taken hot to the heat-treatment bay for 
annealing. After annealing they are transferred 
to the machine shops for subsequent machining 
operations. 


Tae Forage BuiLpING AND PLANT 


The forge, which is situated near to the steel- 
making plant, and is well placed in relation to 
the machine shops, has a content of some 
8,800,000 cubic feet and occupies an area of 
122,000 square feet. The building, an exterior 
view of which is reproduced herewith, consists 
of four bays—the heat-treatment bay, furnace 
bay, forge bay, and stock bay. The first three 
each have a crane span of 80ft with a height of 
52ft from floor level to crane rail level and a 
total length of 386ft. The stock bay is of the 
same length, but has a crane span of 51ft 9in 
and a height from floor level to crane rail of 
39ft 6in. 

The foundation requirements for the new 
shop involved a large number of isolated 
foundation blocks, and in order to minimise 
timbering of individual excavations it was 
decided as general policy to excavate the whole 
site to minus 3ft. The depth of this bulk 
excavation was further increased to minus 10ft 
in the area occupied by the furnace foundations 
and also in the area of the press foundations. 
The spoil resulting from these operations 
amounted to 33,000 cubic yards, which was 
conveyed to the company’s tip about 34 miles 
away. Owing to the nature of the ground, as 
revealed by test borings, it was decided to drive 
in pre-cast concrete piles, 25ft to 30ft long, for 
the majority of the column foundations, the 
remainder being formed of the usual rectangular 
concrete blocks. The furnace foundations were 
constructed of concrete, suitably reinforced, 


and the press foundations, which were also of 
reinforced concrete, were taken down to a 
depth of approximately 40ft. Two watertight 
cylindrical pits were required in the heat- 
treatment bay to house two tanks to be used 
for quenching purposes, each 8ft diameter by 
54ft deep, with their axes vertical and with the 
top edge of the tanks just below floor level. 
Each pit was formed of cast iron segment rings, 
which were bolted together, caulked and 
pressure grouted. After completion of the 
foundations the site was backfilled with furnace 
slag and a 6in concrete floor was cast in the 
stock, furnace and heat-treatment bays. The 
floor in the forge bay consists of 2in to 4in thick 
steel plates laid on sand. 
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The forge bay, which is illustrated overleaf 
accommodates the two forging presses, of 2700 
tons and 1500 tons capacity, which are operated 
by a common pressure water station. The 
presses, which were designed and supplied 
by the Loewy Engineering Company, Ltd., 
were manufactured by F.B. Engineers Ltd., 
and Light Machines, Ltd. One of the main 
points of the press plant is its very high 
working speed and ease of operation over a 
wide range of forging work. To make this 
possible and also to allow for the greatest 
flexibility, it was decided to install an air 
hydraulic accumulator station in preference to 
a direct pump drive installation. Trial runs 
so far made have shown that penetration speeds 
of 6in per second or more can be achieved on 
both presses at full power, whilst for planishing 
and finishing operations well over 100 strokes 
per minute have been maintained. This high 
speed (which is of particular importance in the 
case of forging high-alloyed steels, where heat. 
conservation is essential) and the flexibility of 
the forging plant, will, it is believed, lead to 
improvements of quality and economy, and 
may also open up new fields of production. 

Another interesting characteristic of the 
plant is that the suspension of the top entabla- 
ture on the presses makes it possible to dispense 
with nuts or collars on the main columns 
which are otherwise required on the underside 
of the top entablature. The design embodies 
a small crosshead which rests on the head of the 
columns. From this crosshead there are sus- 
pended forged steel tie bolts, which hold the 
entablature securely against the top column 
nuts. Both presses are provided with three- 
point guiding of the moving crossheads to take 
up the effects of eccentric loading or other 
forces occurring during forging operations. 
The application of this method of guiding in a 
three-cylinder press is novel and is achieved 
by having the centre cylinder rooted into the 
moving crosshead, the top end of the cylinder 
sliding in a sleeve fitted into the top entablature. 
The three-cylinder design is used for the 2700 
tons press so that three pressure stages can be 





FORGE BUILDING 


The forge building is of normal steel-framed 
mill construction provided with continuous 
ridge ventilators. The building is completely 
closed in and is sheeted to within 7ft of ground 
level, with the exception of two runs of vertical 
glazing in the side sheeting of the heat-treat- 
ment bay, which have been included to give 
additional daylight in the shop. The walls are 
of brickwork, 7ft high. About 2700 tons of 
steelwork were required for the building, and a 
total of 45,000ft super was involved in glazing. 
The approximate area covered by corrugated 
sheets was 194,300 square feet. Adequate road 
and rail access has been provided, broad-gauge 
rail tracks and transfer tracks assisting the easy 
and rapid movement of ingoing and outgoing 
material. 


selected at will to suit the resistance of the work 
at various stages of the forging operation. 
The smaller press has one. cylinder. 

Each press is equipped with a moving table 
which is divided into three parts, a centre and 
two outer portions. The table sections can 
either be connected together as one table or 
the two outer tables can be operated inde- 
pendently by special double-acting hydraulic 
cylinders, a draw-bar being provided for 
coupling the tables to the hydraulic movement. 
This gives the maximum flexibility of 
operation when dealing with a wide variety of 
forging work. Further, each press has a multi- 
station ejector to facilitate handling during 
high-speed piercing and die forging work. 
Hydraulic table locks are also provided for 
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accurate centering of the tables during the 
carrying out of such work. The table and 
ejector controls are interlocked electrically so 
that movement of the ejector can only take 
place when the tables are in the ejecting 
position and also so that the tables cannot be 
moved until the ejectors are in the retracted 
position. The crossheads of the presses are 
very narrow to allow a close approach of the 
handling equipment to the anvils during 
working. Adequate shock absorbers are in- 
stalled to ensure smooth and shockless opera- 
tion, and lubrication of all moving parts has 
been provided for by mechanical lubricators 
and grouped nipple assemblies. ~ The main 
control valves for the presses are operated by 
servo valves, which give sensitive control and 
enable a high working speed to be maintained 
without effort on the part of the operator. Low- 
pressure water prefilling devices are included 
for the idle movements of the presses so that 
the high pressure is used only during the actual 
pressing strokes. This, combined with the 
three-stage design of the larger press, results 
in maximum economy. 

The air hydraulic pressure water station 





FORGE BAY 


consists of an accumulator with air and water 
bottles and five high-pressure hydraulic pump 
units. This station is housed in a two-storey 
brick building erected in the stock bay between 
the two presses. The building also houses an 
electrical substation for the supply of elec- 
tricity to the pumps and the forge building. 


For reasons of space the hydraulic pump units © 


are mounted on separate floors, three being on 
the ground floor and two on the upper floor. 
An accompanying illustration shows the upper 
floor. The size of the accumulator ensures an 
adequate reserve of pressure water when both 
presses are working at high speed under full 
pressure. Four pumping units are normally 
in operation, the fifth unit acting as a standby, 
but the pipework and the controls are arranged 


in such a way that any of the pumping units. 


may be used as a spare. The flow of water 
from the pumps to the accumulator and from 
the accumulator to the presses is automatically 
regulated in accordance with varying require- 
ments. Electrically eontrolled and hydraulic- 
ally operated valves are provided which control 
the supply of the pumps through by-pass appa- 
ratus and the whole system is designed to 
ensure maximum economy of working under all 
operating conditions. Adequate safety devices, 
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both audible and visual, are installed to ensure 
safe and foolproof working of the whole plant. 
All the furnaces in the forge are installed in the 
furnace bay, the reheating furnaces discharging 
into the forge bay, and the heat-treatment fur- 
naces discharging into the heat-treatment bay. 

The forge building is served by two 40-ton 
cranes with 10-ton auxiliary hoists in the heat- 
treatment bay ; one 10-ton crane in the furnace 
bay, which has been installed chiefly for main- 
tenance purposes; and one 40-ton crane with 
an auxiliary hoist of 10 tons capacity in the 
stock bay for the handling of ingots. In the 
forge bay, three special forging cranes have been 
installed, two being of 75 tons capacity with 
separate 20-ton auxiliary crabs, and the other 
being of 40 tons capacity with a separate 10-ton 
crab. All the cranes operate on a 230V d.c. 
supply, and on all of them the driver’s cab is 
at a height of approximately 12ft from floor 
level, enabling the operators to have a full 
view and close control of the forging move- 
ments under the respective presses. In the 
case of the fixed hearth furnaces, removal of 
ingots is carried out by the use of the porter 
bar and balance weight, whilst for the bogie 


hearth furnaces ‘“‘ Somers” lifting tongs are 
employed. The ingots are normally manipu- 
lated under the presses by turning gear and 
burden chain controlled from the crane cage. 


REHEATING FURNACES 


The two forging presses are served by six 
bogie hearth and five fixed hearth reheating 
furnaces. Three of the bogie hearth furnaces 
have effective dimensions of 14ft long, 7ft 
wide by 7ft high, the other three, which have 
been transferred from the company’s existing 
forge, being 15ft by 7ft 3in by 7ft. Three of the 
fixed hearth furnaces are 14ft long by 7ft wide 
by 7ft high, the other two being 12ft by 6ft by 
6ft. It is expected that a further three reheat- 
ing furnaces will be installed in the near future. 

The furnaces—some of which are shown in 
one of our illustrations—are of the reversing 
regenerative type, both air and gas being pre- 
heated. The air passes through regenerators 
and the gas through a tubular metallic needle 
recuperator. It will be appreciated that this 
system of heat recovery gives the conditions 
necessary for rapid and satisfactory heating of 
the stock. The reversing equipment is of 
particular interest. The rotary air/waste gas 
valve has a water-cooled paddle and drum, 
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which enables it to deal with high-temperature 
exhaust gases with a minimum leakage. (ag 
reversal is effected by means of water-sealed 
dipper valves. The functioning of this year jg 
completely automatic, the sequence bein: elec. 
trically controlled to take place at predeter. 
mined intervals. From the reversing unit gas 
is led to the furnace through lagged mains 
terminating at the combustion ports, to which 
air is distributed through underground flues, 
These combustion ports are arranged alter. 
nately to direct the products of combustion 
over and under the stock. The side and back 
walls of the furnaces are enclosed in mil« steg] 
casing, and the fronts and doors are constr ucted 
in hemfatite iron castings. All the reheating 
furnaces have a maximum working temperature 
of 1350 deg. Cent., the temperature being con. 
trolled within the limits of +10 deg. Cent. from 
550 deg. Cent. upwards. 


Heat-TREATMENT FURNACES 


The heat-treatment section includes nine 
bogie hearth furnaces as follows :—Two 40ft 
long by 14ft wide by 9ft high ; two 30ft by 12ft 
by 9ft ; one 20ft by 10ft by 9ft ; three 15ft by 





TEMPERING FURNACE 


9ft by 6ft Tin ; and one 30ft by 12ft by 7ft 6in. 
The five larger furnaces resemble in many 
respects the reheating furnaces, but are of the air 
regenerative pattern, the combustion arrange- 
ments and reversing equipment being similar. 
However, in this case, with lower maximum 
temperature requirements, preheating of the 
gas is unnecessary. The bogies, which are con- 
structed from rolled steel sections, are carried on 
steel wheels and stub axles, and have an insu- 
lated refractory hearth. Particular attention 
has been given to the sealing arrangements to 
prevent the ingress of atmospheric air or the 
escape of exhaust gases. Sand seals are 
arranged along the full length of each side, and 
a special bridge construction is adopted in the 
furnace back wall to allow an extension of the 
bogie to pass beneath it and provide a means of 
sealing at this point. The maximum working 
temperature of these furnaces is 1250 deg. Cent. 
The other heat-treatment furnaces employ 
recirculation. One of them, having a bogie 
area 30ft long and 12ft wide, with a loading 
capacity of 45 tons, is said to be the largest of its 
kind in the country. 

Three tempering furnaces have been installed 
for precise low temperature treatments, within 
a range of 100 deg. Cent. to 750 deg. Cent., of 
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the lare and varied loads produced in the forge. 
The system of heating has been designed to 
overcome the difficulties experienced at low 
temperatures in a normal furnace, which are 
the slow heating rate and the inequalities of 
temperature distribution resulting from local 
radiation and the slow-moving convection 
currents of the limited volume of gases used. 
The furnaces differ fundamentally from the 
usual in that instead of burners being used for 
heating the work chamber, the heat is generated 
jin a combustion unit which is entirely separate 
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of safety devices which work in conjunction 
with an electro-magnetic gas shut-off valve. 
These devices are wired up to a self-contained 
floor mounting panel complete with alarm 
circuits, starting switches, &c., and should the 
gas supply be cut off for any reason warning 
lights and an alarm bell bring the fault to the 
notice of the operator. The two smaller re- 
circulation furnaces of bogie hearth 9ft wide 
by 15ft long, with a maximum loading capacity 
of 30 tons, use the same principle of re- 
circulation and in general embody the same 





UPPER FLOOR 


from the furnace proper. In order to obtain 
the extreme accuracies and speed of heating at 
temperatures from 100 deg. Cent. to 750 deg. 
Cent. very large columns of hot gases at high 
velocity are used as the heating medium and are 
continuously recirculated by fans through the 
furnace chamber in a closed system of ducting. 
Control of the furnace temperature is simple, 
since it is only necessary to regulate the tem- 
perature of this single body of main circulating 
gases by adding to them the small quantities of 
fresh gases being burnt in the external com- 
bustion chamber. . The photograph repro- 
duced, of one of the tempering furnaces, 
shows the external combustion chambers and 
circulating fan. 

A further advantage of this system is that the 
load cannot be heated to a temperature exceed- 
ing that of the gases in circulation, the volume 
of which is such that the heat absorbed by the 
load represents but a small fraction of the total 
heat potential being circulated. The result is 
that the load in the furnace is completely and 
evenly heated to a temperature which can be 
controlled to +3 deg. Cent. This system of 
heating as applied to the large 30ft by 12ft fur- 
nace is such that the high-velocity gases are re- 
circulated from wall to wall across the furnace 
chamber, the direction of the flow of gases 
being automatically reversed at predetermined 
intervals in order to apply the heat to the load 
from each side in turn. 

The furnace combustion chamber has been 
designed for use with either town gas (500 
B.Th.U. per cubic foot) or coke producer gas 
(132 B.Th.U per cubic foot) together with low- 
pressure air, and is divided into two smaller 
combustion units, each being separately fired 
and provided with a permanently lit pilot 
flame. For very low temperature work the 
furnace can be heated from one combustion 
unit only. 

The furnaces are substantially built for heavy 
duty and are well insulated. Centrifugal circulat- 
ing fans are employed, and the furnace chamber 
works under a slight positive pressure, seals 
being provided on the doors and bogies to 
prevent loss of circulating gases. The whole 
furnace combustion system is adequately safe- 
guarded against accidental damage by a series 
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features of construction as the large 30ft 
furnace. As distinct from the cross-flow 
system of heat flow, however, these furnaces 
are of a more simple down-flow arrangement 
without reversing gear, the hot gases entering 
the furnace chamber through the furnace arch 
and returning for recirculation through ports at 
each side of the furnace. 

Operating in conjunction with, and of 
identical size to, the two 15ft tempering furnaces 
is a hardening furnace, designed to operate at 
temperatures from 550 deg. Cent. to 1250 deg. 
Cent. This furnace has been installed for 
general-purpose work at maximum efficiency 
over a wide temperature range. The furnace is 
directly fired by two separate sets of burners, 
one set firing under the furnace arch, the other 
set arranged to fire through ports in the bogie 
hearth, with independent adjustment between 
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top and bottom heating. Recuperation is 
included for both air and gas, the waste flue 
gases being exhausted to atmosphere by a 
positive motor-driven exhaust fan. All hot 
gas and air pipes are adequately lagged to main- 
tain the recuperated heat up to the burners. 
As in the case of the tempering furnaces, an 
electro-magnetic gas shut-down valve is in- 
cluded in the mains supply to the furnace to 
operate in the event of an air supply failure. 

Bogie haulage for both reheating and heat- 
treatment furnaces is provided for by special 
rack wheels, electrically driven, engaging with 
pin racks, which are located centrally below the 
furnace bogies. Where two bogie hearth 
furnaces are in adjacent positions, a twin 
haulage unit is used, A’ single electric drive 
with reduction gearing is situated between the 
furnaces to operate either of the bogies, and a 
system of clutches ensures that only one may 
be moved at a time. The haulage units are 
electrically interlocked with the door lifting 
gear (also electrically operated) to ensure that 
the door is in the open position prior to charging 
or withdrawing the bogie. 

Clean gas of a gross calorific value of 132 
B.Th.U. per cubic foot, is distributed to the 
furnaces from a 30in diameter overhead ring 
main around the furnace bay at a height of 
about 28ft above floor level, this main being 
supplied at a pressure of 2} lb per square inch 
from the company’s coke producer plant. 
Pressure in the ring main is maintained at 30in 
W.G. by an oil-operated gas pressure regulator. 
The necessary branch pipes are taken off the 
main at suitable points to each of the re- 
heating and heat-treatment furnaces. Shut-off 
valves and gas pressure governors are fitted in 
all branch pipes and the gas is supplied to the 
furnaces at a pressure of 6in to 8in W.G., 
except in the case of the four heat-treatment 
furnaces, which operate on a pressure of 28in to 
30in W.G. 

In concluding this description of the furnaces 
mention should be made of the instruments 
which have been installed to ensure efficient 
and economic working of the twenty furnaces 
in the shop. The temperature of each furnace 
is automatically controlled in the following 
manner. A thermo-couple supplies a current of 
very small voltage to an electronic potentio- 
meter temperature recorder-controller, this 
voltage being converted into movement of the 
gas and air valves by a regulator. The valves 
are mechanically linked and are designed to 
give a constant air/gas ratio under all 
conditions. Furnace pressure control has 
been fitted on two furnaces to maintain the 
pressure inside the furnace at hearth level 
slightly in excess of atmospheric pressure to 
prevent infiltration of cold air into the furnace 
and the hot gases being expelled other than 
through their normal channels. Gas and air 





REHEATING FURNACES 





flow meters have also been provided, the former 
recording the gas flow together with the total 
gas consumption, whilst the latter enables the 
operator to check the air/gas ratio. Gas and 
air pressure gauges are also provided. In 
addition thermo-couples are inserted in the 
furnaces at various points to assist the 
operator in maintaining equal temperature 
distribution of the hearth loads. The 
temperatures are measured on multi-point 
electronic potentiometric recorders and indi- 
eators, which have ‘been installed in “ two 
pyrometer houses inside the forge building. 


QUENCHING FACILITIES 


The quenching plant in the heat-treatment 
bay consists of two vertical tanks, 8ft diameter 
by 54ft deep, each of 17,000 gallons capacity ; 
two horizontal tanks, 40ft by 12ft by 10ft deep, 
each of 30,000 gallons capacity; and two 
smaller horizontal tanks, 14ft by 9ft by 10ft 
deep, each of 7800 gallons capacity. . The hori- 
zontal tanks, which are of welded construction, 
are set in concrete pits, and for ease of quenching 
operations the tops of the tanks are 3ft above 
ground level, whilst the cylindrical tanks are 
completely below ground. The vertical tanks 
are utilised for the quenching of long forgings, 
whose length to diameter ratio is high, in order 
to minimise distortion during hardening. 

Circulation for cooling purposes on the water 
tanks is arranged for by a river water mains 
supply, the overflow being connected to the 
main drainage system of the shop. In the case 
of the oil tanks, centrifugal pumps are employed 
for circulation purposes on the closed circuit 
principle. Adequate oil coolers are incorporated 
in the oil circuits to enable the temperature of 
the oil to be kept within required limits when 
quenching is in operation. The cooling systems 
for the large horizontal and vertical oil 
tanks are interconnected, thus enabling both 
systems to operate on any one tank if a rapid 
rate of cooling is desired, whilst that for the 
smaller tanks is arranged independently. 


SERVICES 


The incoming electricity supply for the forge 
is taken from the main substation of the East 
Hecla works by a feeder cable to the forge sub- 
station at a pressure of 11,200V, three-phase, 
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HEAT TREATMENT BAY AND QUENCHING TANKS 


50 cycles, where it is connected through oil 
cireuit breakers of 150MVA capacity to two 
1500kVA 11-2/3-3kV oil natural-cooled trans- 
formers. The secondaries of the transformers 
are connected to a 3*3kV switchboard. Each 
of the five pump motors is fed from an indi- 
vidual circuit breaker on this board. The 
3-3kV supply is then reduced to 400V, the 
standard for all motors in the shop, in two 
500kVA O.N.-cooled transformers for distri- 
bution to the various points in the building 
through a switchboard. A d.c. supply of 230V 
for the cranes is obtained through a 500kW 
mercury arc rectifier unit. 

All the cabling, the greater part of which is 
required for the furnace motors, is carried in 
underground trenches. The main lighting for 
the forge building is a combination of mercury 
discharge and incandescent filament lamps with 
suitable reflectors, calculated to give 9/10 
lumens per square foot at the working plane. 
In the hydraulic pump house and substation 
building, however, fluorescent lighting has been 
employed. 

A 2in diameter compressed air main supplying 
air at a pressure of 100lb per square inch 
serves the three main bays of the plant, con- 
nections being taken off at numerous points 
throughout the shop for such operations as 
scale blowing, chipping and grinding, whilst an 
oxygen supply line has been installed‘ in the 
stock bay for ingot torching purposes. 

In addition to the hydraulic service, water is 
required for quenching and oil cooling purposes 
in the heat-treatment bay and also for cooling 
purposes for the exhaust and blowing fans and 
the air and gas reversing valves on the furnaces. 
Both clean and river water is supplied, the 
former being used where small-bore pipes are 
installed and for the service to the accumulator 
plant and the presses, whilst river water is used 
for quenching and for cooling the air and gas 
reversing valves. 


CONTRACTORS 


Consultants.—Messrs. _ Bylander and Waddell. 
Foundations.—C Company, Ltd.; 
Demolition and Construction Company, Ltd.; 

Robert McAlpine and Sons (Midlands), Ltd. 

Building. Banister, Walton and Co., Ltd., and Cargo 
Fleet Iron Company, Ltd., zn ply of steelwork and 
fabrication and erection ; owes and Co., Ltd., 
glazing; Carter-Horseley (iegiaaes), Ltd.,. sheeting ; 
J. G. Clixby and Co., painting. 
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Presses, Pumps and Accumulator Plant.—The Loewy 
Engineering Company, Ltd. 

Furnaces.—Priest Furnaces, 
Furnaces and Tools, Ltd. 

F Regulation and Instr tation.—Electrofio 
Meters, Ltd., " temperature control, furnace pressure 
control, gas and air pressure gauges, air flow meters, gas 
regulator and instrument panels ; Kent, Ltd., 
gas flow meters; Honeywell- Brown, a a temperature 
indicators and recorders ; James Gordon and Co., Ltd., 
CO, recorders. 

Cranes.—Sir William Arrol and Co., Ltd., and The 
Butterley Company, Ltd. 

Quenching anks.—Fawcett Preston and Co., Ltd., 

; Wm. Press and Son, Ltd., water and oil circulat- 
Bs Pat oil coolers and strainers; Shell-Mex and 
td ss oil. 
.-—C. A. Parsons and Co., 
Pen ova for “F” substation; Switchgear a 
Cowans, Ltd., h.t. switchgear, fi aed tation ; 
A. Reyrolle and Co., Ltd., oil circuit breakers, distri- 
bution fuse pillars, extension to e.h.t. switchboard for 
feeder cable to “F”’ substation and switchgear; 
Crompton Parkinson, Ltd., low-tension a.c. substation 
equipment; English Electric Company, Ltd., main 
distribution boards and switch unit; British Insulated 
Callender’s Cables, Ltd., electric cables, h.t. and 1.t.; 
W. T. Glover and Co., Ltd., copper conductors; F. H. 
Wheeler (Sheffield), Ltd., electrical installation ; General 
Electric Company, Ltd., "electric li hting fittings. 

Services. py Press and Son, Ltd, water supply to 
hydraulic pump house; Geo. Simpson and Co., Ltd.,’ 
comp air main; British Oxygen Company, Ltd., 
oxygen main. 

Tools and Tackle.—Walter Somers, Ltd., lifting tongs ; 
Joseph -Wright and Co., Ltd., sli chains; Quayle 
Bros., Ltd., tables for loose tools ; ; Consolidated Pneu- 
matic Com any, Ltd., pneumatic grinders; Welded 
Structures Company, trestles and chain racks ; H. Smith 
and Co., scrap pans, dipping frame, cutting of floor plates. 


Ltd., and Brayshaw 
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for Workers in Wells. London: The Institution of 





Memorandum on Safety Pr 


Civil Engineers, Great George Street, 8.W.1. 
Price 1s. 6d.—There has been, so far, no readily 
available literature on the subject of safety pre- 
cautions to be taken during the construction of 
and maintenance work in wells. The Institution of 
Civil Engineers has, therefore, published this 
booklet, with the co-operation of other official 
bodies, The booklet is in no sense a code of practice 
covering the work undertaken in the well. Its main 
purpose is to draw attention to the dangers atten- 
dant upon such work and more particularly to the 
precautions which are advisable. It treats the 
subject under three main headings, viz., prevention 
of accidents, rescue and first aid and precautions 
against contamination of the well water. 
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The ‘* Princess 


REPARATIONS for the flight trials of the 

“ Princess’”’ flying boat are now in an 
advanced stage, and it has been necessary to 
remove the aircraft from the hangar so that its 
outer 57ft wing spans, each with its retractable 
wing tip float and the top 7ft rudder section, 
can be assembled. These parts have all been 
completed and, along with the engines, will be 
fitted to the machine whilst outside on the 
hangar apron. Portable frames are being built 
to provide cover for these and future mainten- 
ance operations. A special assembly bay, as 
was built for the ‘‘ Brabazon,”’ would need to 
have been built to have housed such a machine 
as the ‘‘ Princess,” which, although several 
yards shorter in length and 10ft 6in shorter in 
span, exceeds the height of the ‘“‘ Brabazon ”’ 
by 5ft 9in, and is, in fact, with its all-up weight 
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” Flying Boat 


sections, which taper towards the ball joint 
connections on the wing chord and towards the 
axle mounting. Each main chassis carries four 
4ft diam. wheels in line athwartships and is 
located vertically by a mid-transverse member 
which is secured by bayonet connections to the 
hull. The bow chassis mounts two wheels and a 
three-point attachment is fitted. The fabricated 
tubular struts are watertight and the complete 
chassis is buoyant. 

It was upon this chassis that the aircraft was 
moved. To permit clearance of the truss tie 
members it was necessary to tilt the machine 
upon its main wheels at an angle of 11 deg., 
which raised the bow chassis some 15ft from 
the ground. In this attitude the centre of 
gravity is displaced to act aft of the main 
chassis and a castoring bogie was used to 
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Bristol ‘‘ Proteus ”’ gas turbines, eight of them 
being coupled in pairs driving contra-rotating 
de Havilland propellers, 16ft 6in diameter. 
Reversible propellers are fitted to the single 
outboard units. One coupled installation has 
already been running satisfactorily in a mock-up 
wing section. There has, however, been an 
unavoidable delay in the delivery of these 
power plants and some of the installations are 
still awaited. At take-off the machine will 
develop 35,000 e.b.h.p Its fuel load of 14,500 
gallons of kerosene, .carried within integral 
wing tanks, amounts to more than one-third 
of the gross weight of the aircraft. The machine 
will cruise with an airspeed of 380 m.p.h. and 
at heights up to 40,000ft. Electric-hydraulic 
power-operated flying controls are fitted, 
which incorporate a “feel”? generator within 
the system along with a travelling fulcrum 
designed to suit the load range upon the control 
surfaces. 

The ‘‘ Princess ” can be beached with a total 
weight of up to 200,000lb. In preparing to 
beach the machine the main chassis are floated 





of 315,000 lb, 25,000ib heavier than that 
machine. 

It will be recalled that an order was placed 
for these aircraft, three of which are now under 
construction, by the Ministry of Supply in 1946, 
and they were then intended for service by 
B.0.A.C. and later by B.S.A.A. The design 
allowed for the operation of a non-stop service 
between Londor and New York, with its stage - 
length of nearly 3500 miles and the possibility of 
continuous head winds averaging up to 90 m.p.h. 
When plans were later made for the flying boats 
to be operated by B.S.A.A. it was intended 
that they should fly on the South American 
route. The original design of the aircraft 
incorporated plans for spacious and comfort- 
able accommedation for over 100 passengers 
with sleeping berths, cocktail bars and almost 
every known flying hixury. 

Circumstances, however, have compelled a 
change in the civil plans and the flying boats 
are to be completed for the Royal Air Force. 
As military transports they could accommodate 
200 troops over the machine’s maximum non- 
stop range of 3500 miles. 

It was to see the “‘ Princess ” transferred to 
the hangar apron on October 30th that we 
visited the works of Saunders-Roe, Ltd., 
Cowes, Isle of Wight. Our illustration shows 
the machine on completion of this operation. 

The main beaching chassis of this machine 
consists of two twin tubular strut units placed 
one on each side of the hull mid-section joint. 
Both fabricated struts of each main chassis 
have a cylindrical centre section and end 


THE ‘PRINCESS’ ON BEACHING CHASSIS 


support the tail and to assist the steering. 
Further to ensure a positive load on the bogie, 
water ballast was allowed to’ fill tanks in the 
rear. The loci to be followed by the bogie and 
main wheels had been previously marked out, 
and the machine was slowly hauled out and 
skewed round by a winch through attachments 
to the chassis axles. 

Before proceeding with the lowering opera- 
tion the water ballast was pumped for- 
ward and the tail anchorage trans- ferred 
from the bogie to a weighted carriage, to 
which it was secured by block and tackle. 
Whilst the centre of gravity remained aft of the 
wheels another winch was used to haul down on 
the nose. At an angle of about 7 deg. the 
centre of gravity passed through the wheels 
and thereafter the: machine reached an even 
keel by the agency of the rear winch alone. In 
this position in the open air for the first time it 
was possible to appreciate the form and size 
of this huge machine. Its hull is the largest 
metal structure to be used in an aircraft, and 
into its construction have gone 2} miles of 
longitudinal members, 1469 square yards of 
plating and some three million rivets. The hull 
incorporates a single-step planing bottom and 
has a pressurised volume of 15,000 cubic 
feet, the maximum pressure differential being 
8 Ib per square inch. The height of the hull is 
24ft 3in, its beam 16ft 8in and the draught 8ft. 
Dredging operations are already proceeding 
locally in preparation for its launching early 
next year. 

The engines, of which there are ten, are 


out and are designed to float in a normal 
upright position, but somewhat lower than the 
prepared positions in the wing. Each chassis 
carries a winch, however, by which it can be 
raised into position and secured by the two 
ball joints. Each chassis is then located by the 
horizontal member, which is secured to prepared 
positions on the hull through bayonet con- 
nections. The bow chassis, being also buoyant, 
is similarly floated out and is secured by a three- 
point attachment. 


——_q——_—_—__ 


Uxantum Ores.—Higher prices for uranium ores 
and concentrates—in some cases 100 per cent 
higher than previous prices—are being offered to 
prospectors in the Colonies and dependent terri- 
tories by the Ministry of Supply. The offer does 
not apply in the United Kingdom. The reasons for 
the higher prices are: the general increase in prices 
of metals since the Ministry’s original offer in 
March, 1949, and increased prices now offered by 
the U.S.A. and Canada. The new minimum prices 
for contained uranium oxide (delivered c.i.f. to a 
plant or U.K. port) range from 25s. per pound for 
ore containing not less than 0-20 per cent uranium 
oxide to 35s. per pound for ore containing not less 
than 10 per cent uranium oxide. These compare 
with the original minimum offer of 13s. 9d. per 
pound of uranium oxide delivered f.o.b. ocean port. 
As an additional incentive, a development bonus 
equal to the purchase price will be paid for the first 
5 tons of uranium oxide from previously unworked 
deposits, and capital may be provided for processing 

lants. The Ministry does not guarantee to buy 
ess than 1 ton of uranium oxide—e.g., not less than 
10 tons of 10 per cent concentrate, or less than 500 
tons of 0-20 per cent ore, 
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A Pump Factory 


AST week we visited a new factory opened 

about two years ago in the Team Valley, 
Gateshead-on-Tyne, by Sigmund Pumps, Ltd., 
which is now in full production. This 
factory is the outcome of a decision made by 
the company in 1945 to extend its range of 
pumps to cover units for oil refineries and 
allied industries, many of which had hithefto 
only been manufactured in the United States. 
As a result of this decision the firm is bow 
making 150 types and sjzes of pumps for very 
high pressures and widely differing operating 
temperatures, including units of 4000 g.p.m. 
capacity, 1500 Ib per square inch pressure and 
for temperatures from sub-zero to 900 deg. 
Fah. These pumps are in addition to the 200 
types of standard units made by the firm. 

The new factory covers an area of about 
140,000 square feet and sufficient: space is 
available to double its size when extensions 
become necessary. A two-storey administra- 
tion block and a large works canteen adjoin 
the main factory building. The various bays 
in the production area of the factory are so 
arranged that they can be subdivided by 
partitions if it is necessary to revise the plant 
lay-out. The equipment is arranged to give an 
even production flow through the works 
with the machining, fitting, assembly, harden- 
ing, inspection, and service shops in small 
bays, whilst such work as fabrication, rhount- 


PumMP TEST BAY 


ing, lining up, and testing of pumps is 
done in two larger bays served by overhead 
travelling cranes. To handle the heavier com- 
ponent parts in the machining and fitting 
sections as well as on the assembly lines a 
number of pillar cranes of 1 ton capacity have 
been installed. 

All parts undergo complete inspection be- 
tween operations to eliminate fitting during 
assembly and ensure interchangeability. For 
pump testing purposes a comprehensive range 
of equipment has been installed in the vicinity 
of a large tank in one corner of the factory. 
This inspection section can be seen in one of the 
photographs we reproduce. To serve it there 
has been built below floor level a main test 
tank of 100,000 gallons, in which there are four 
interconnecting compartments. For testing 
pumps with capacities up to 6000 gallons per 
minute a surface channel with an underground 
recirculating channel is available. Another 
channel for weir measurement of capacities up 
to about 40,000 gallons per minute can also be 
used for genéral testing of small power-driven 
units. Vertical spindle pumps and submersible 
units are tested in a 35ft deep well. For testing 
electrically driven pumps points are provided 
for different voltages of a.c. and d.c. All of the 
switchgear, alternating gear and the trans- 


former are installed on a platform over one end 
of the test bay. 

All pumps on completion undergo a series 
of tests, those for electrical drive first with 
calibrated motors and then with their own 
motors if supplied as a complete pumping set. 
In addition to the small calibrated motors 
there are a 300 h.p., 3000 r.p.m. motor and a 
500 h.p., 1450 r.p.m. motor, and special speed 
increasing gear units widen the range of duties 
for which these motors are available. 


Some Pumprne Units 


Whilst we were in the works we were shown 
a number of pumping units destined for the 
Cardon oil refinery in Venezuela. This re- 
finery was equipped with Sigmund pumps in 
1948-49 and when it was later decided to 
double its capacity an order was placed with 
the firm for complete sets of duplicate pumps. 
In order that these pumps shall stand up to the 
arduous duties for which they are intended they 
are generally of special alloy cast iron or all- 
steel construction. To extend their working 
life and reduce maintenance the high-duty 
steel shaft sleeves and casing and impeller 
wear rings fitted in the pumps are hard faced 
by the “‘ stellite ’ or ‘‘ colmoney ”’ processes. 

All of the pumps being supplied to this order 
except those for handling the crude charge 


operate at 3600 r.p.m. and at this speed generate » 
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To reduce and simplify maintenance the parts 
for all pumps of the same type are interchange. 
able, and the whole of the impeller and shaf 
assembly can be withdrawn as a unit without 
need for breaking pipe joints or afficting 
alignment. 


Drought and Power Cuts in 
Western United States 


THIS summer one of the most devustat, 
ing floods in American history hit the States 
of Missouri, Kansas and Oklahoma. The 
disaster overshadowed another calamity in 
many Western States: a crippling drought, 
which, in some respects, has proven as destruc. 
tive as the floods. Much of the area from 
Southern Texas to the State of Washington 
was hit by heat, drought, or both, causing a 
lowering of ground-water levels to the point 
that next year’s crops were threatened even 
before they were planted. Just as the flood. 
stricken areas are talking of flood control, go 
the drought-stricken areas are talking of, 
and turning to, artificial rain-making. New 
Mexico is-the first state to be covered by rain. 
making contracts. Here the State Forest 
Service believes that the current year is the 
driest since 1750. Five state organisations 
have signed contracts with the Water Resources 
Development Corporation of Denver, Colorado, 
in an effort to get rain over the 121,666 square 
miles of New Mexico. Other rain-making 
attempts have been made in Oregon, Washing. 
ton and Colorado and some experiments have 
been conducted in California. In Oregon, 


Om REFINERY PUMPS DURING ASSEMBLY 


heads as high as 900ft in one wheel. In such 
cases the impeller tips rotate a peripheral speed 
of 230ft per second, which is considered to be 
the limit possible at present for the materials 
available for the conditions of temperature 
and/or corrosion. 

Some of the new pumps in the assembly bay 
can be seen in the photographs we reproduce. 
One of these pumps is a two-stage unit split on 
the horizontal plane. It is intended for crude 
oil charge duties and handling 1370 gallons 
per minute at 160 deg. Fah. against a differential 
head: of 622ft. This pump, which is driven at 
1750 r.p.m. by a 450 h.p. motor, has a cast 
steel housing and a chrome-nickel cast iron 
impeller. Double-entry, single-impeller pumps 
used for crude reboiler charge duties are built 
to handle 1710 gallons per minute of topped 
crude oil at a temperature of 600 deg. Fah. 
against a head of 395ft. The smaller pumps 
being supplied include a single-stage, single- 
entry overhung impeller unit with a rated duty 
of 200 gallons per minute of gas oil at 480 deg. 
Fah, against a 450ft head: It is of all-steel 
construction and is driven at 3550 r.p.m. by a 
60 h.p. electric motor. 

These pumps and the others being supplied 
have water-cooled bearings and glands and all 
glands are connected to a sealing oil system. 


the Bonneville Power Administration an- 
nounced that the Water Resources Develop- 
ment Corporation will undertake to produce 
rain by cloud seeding. Officials of this company 
have estimated that they can increase the flow 
in the Upper Columbia River by 1250 cusecs 
during October, November and December. 
This would increase generation by about 
38MW and produce approximately 84,000,000 
kWh during the three months. 

In the meantime, the Bonneville Power 
Administration has ordered the withdrawal 
of 245MW of “ interruptible ” power from alumi- 
nium and other electro-process industries 
situated in the Pacific North-West.~ It has 
been estimated that the rapidly shrinking 
stream flow in the Columbia River is reducing 
hydro-electric power production at the rate 
of 100MW a day. The Pacific North-West 
power production averages 2600MW, of which 
600MW is regarded as critical under present 
stream conditions. 


———__—— 


Uranium FROM GOLD.—Representatives of the 
United Kingdom and United States Governments 
are in South Africa, holding discussions with the 
Union authorities on the production of uranium 
from gold-bearing ores. 





15] 


parts 
inge. 
shaft 
hout 
cting 


stat. 
ates 
The 
in 
ght, 
ruc. 
rom 
ston 
iz a 
oint 
ven 
od. 
, 80 
of, 
lew 
vin- 
rest 
the 
ons 
ces 
do, 
are 
ing 
ng- 
ive 


ess @ 


cr . 





Nov. 9, 1951 


THE ENGINEER 


The Twin-Screw Liner “ Flandre ”’ 


N Wednesday of last week, the twin-screw 

passenger liner “ Flandre” was launched 
by the Ateliers et Chantiers de France, 
Dunkirk, and the naming ceremony was per- 
formed by Madame Jean Marie, the wife of the 
president of the shipowners, the Compagnie 
Generale Transatlantique. Our illustration 
shows the ship on the berth ready for launching 
and it will be seen that construction is well 
advanced. It is expected that the ‘‘Flandre’’ 
will sail on her maiden voyage early in the 


short tail shaft are supported by shaft brackets 
of unusual form, the boss having below it a 
large fin, which acts as a contra-propeller. 
The hull combines transverse and longitudinal 
construction systems, and is mainly welded, 
although the shell seams have been riveted. 
Much of the welded work was prefabricated 
before being placed in position on the berth, 
and the average weight of each section was 25 
tons. Another point about the construction is 
the extensive application of aluminium alloys, 
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the battery to the compact and strongly made 
projector which houses a double-filament bulb 
and has a maximum candle-power of 15,000 
candles. The battery is of all-steel construction 
and consists of six cells of sufficient capacity to 
give three or four hours’ light on the main 18W 
filament and about twenty hours’ light on the 
reserve filament. It can be left indefinitely in 
a charged condition without risk of deteriora- 
tion. A charging rate of 2A for seven hours is 
recommended. 

Easy, one-handed control of the beam is 
obtained by’an “ on-off’? push switeh fitted 
near the projector handle. In use, the battery 
is contained in a leather case (measuring 10}in 
by 8tin by 1#in), which, together with a leather 
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summer next year. The “‘ Flandre” and her 
sister ship ‘‘ Antilles ” were originally designed 
for service with the Havre/Antilles line, but 
during construction they have been modified 
to enable them to be employed on the Havre 
to New York service during the season. Both 
vessels have been built under the supervision of 
the Bureau Veritas and conform with the latest 
regulations for safety of life at sea. The princi- 
pal dimensions of the “‘ Flandre” are: length 
overall, 181-91m; length between perpendi- 
culars, 173-23m; breadth moulded, 24-40m; 
depth to promenade deck, 17-10m; draught, 
8m; deadweight 2800 tons; displacement, 
20,300 tons, and gross tonnage 20,500 tons. 
Accommodation is arranged for 785 passengers, 
including 14 de luxe, 389 first-class, 285 
cabin-class and 97. tourist-class rs, 
and the ship also carries a crew of 361. The 
main propelling machinery consists of two sets 
of double-reduction, triple-expansion, geared 
Rateau turbines, developing a total normal 
power of 36,000 s.h.p. at 180 r.p.m. at the pro- 
peller, and having @ maximum output of 44,000 
s.h.p. Steam is supplied at 725 lb per square 
inch and 869 deg. Fah. by four La Mont boilers, 
one of which acts as a standby. 

A model of the hull has been carefully tested 
in the Paris tank and a bulbous bow, which 
can be seen in our illustration, has been adopted 
and also special arrangements in way of the 
stern. The shaft bossing has been designed to 
give an improved streamline flow and the pro- 
pellers are placed well aft. The propellers and 


TWIN-SCREW LINER ‘ FLANDRE’’ 


which have been used for two superstructure 
decks, masts, funnel, lifeboats and ventilation 
trunking, involving a total of 150 tons of 
aluminium-magnesium alloy. 

An extensive system of air conditioning is 
installed and serves approximately half the 
vessel, including first-class cabins, all public 
rooms, Officers’ cabins and crews’ messrooms. 

Each set of propelling machinery consists of 
four turbines, h.p., m.p. and two l.p., and there 
is a closed regenerative feed system and the 
necessary pumps, including electric feed pumps 
and turbo feed pumps. The electrical load is 
supplied by two turbo-alternators, each rated at 
2000kW, 400V, a.c., and for harbour work 
the power is supplied by two diesel generators, 
each having an output of 750kW and driven by 
a two-stroke diesel engine developing 1170 b.h.p. 
at 500 r.p.m. 





An Improved Inspection Lamp 


An improved version of a self-contained 
portable inspection lamp has been produced by 
NIFE Batteries, Ltd., of Redditch, Worcester. 
It is known as the “ P6” inspection lamp and 
was designed primarily to suit the working 
conditions met in the maintenance of overhead 
power transmission lines. 

The equipment consists of a 6-8V nickel- 
cadmium alkaline battery (such as _ that 
used for miners’ lamps) to be carried on the 
back of the operator. A flexible cable connects 


bag for the projector, is attached to a carrying 
harness, for maximum convenience when 
covering rough ground. The weight of the com- 
plete equipment is given as less than 14 Ib. 


a 


A Larce Sounp Equipment InsTaLLatTion.—A 
large industrial sound equipment installation has 
recently been supplied to John Player and Sons, of 
Nottingham, by the General Electric Company, 
Ltd. The installation consists of four 500W high- 
fidelity amplifiers, which feed “‘ Music While You 
Work” programmes into some 500 loudspeakers 
distributed throughout the tobacco company’s 
works, three amplifiers being normally in use, with 
the fourth as spare. The amplifiers and the asso- 
ciated control and gramophone playing desk are 
in what was the company’s A.R.P. control room. 
The desk was built by John Player’s works depart- 
ment to designs prepared by the G.E.C. Normally 
music only is broadcast in the works, but a ribbon 
microphone is available. for occasions when 
announcements are desired. The eighty loud- 
speaker circuits are grouped up and paralleled 
across the amplifier outputs, but there is also an 
elaborate cross-connection panel, whereby any 
given loudspeaker can easily be connected to any 
amplifier. This arrangement allows changes to be 
made as a result of departmental expansion or re- 
arrangement. An interesting aspect of this installa- 
tion is that it is linked to a small 60W amplifier, 
which feeds twenty-four loudspeakers in a works 
situated in another part of Nottingham. The small 
amplifier is remotely controlled from the main 
installation and input is taken from the main 
equipment, over lines rented from the Post Office, 
the level being attenuated to the point required by 
that authority. 
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THE KING'S SPEECH 


NEcEsSARILY the King’s Speech at the 
opening of Parliament last Tuesday stressed 
the fact that the. economic situation of this 
country constitutes a problem “ overshadow- 
ing all other domestic matters.” It empha- 
sised that measures “to reduce the growing 
inflation in our economy, which threatens 
the maintenance of our defence programme 
and which, if unchecked, must cause a con- 
tinuing rise in the cost of living,” must 
include “ drastic action to reduce the growing 
inflation.”” In the debate Mr. Churchill did 
not elaborate much upon the wording of the 
Speech, contenting himself with quoting the 
figure of £700 million a year as the rate at 
which the country is now running into 
external deficit, an alarming figure that 
reveals the dimensions of the economic 
problem which the new Government has to 
face. He had nothing to say about the 
measures the Government intends to adopt 
to meet the problem. Economists tell us 
that a variety of means can be employed, 
severally or jointly, to bring about dis- 
inflation. The choice amongst them must 
depend to some degree upon the views of 
other members of the Commonwealth and 
the reactions not only upon this country, 
but the sterling area as a whole of any 
particular measures. As we go to Press a full 
statement about the economic situation is 
being made in the House by Mr. Butler. 
When we have had time to reflect upon what 
he has to say, comment no doubt will be 
desirable in these columns. 

The only sentences in the King’s Speech 
specifically foreshadowing legislation soon on 
nationalisation issues are thosé relating to 
the iron and steel industry and to road trans- 
port. To attempt to restore the status quo 
in those nationalised industries—that is, 
merely to “unscramble the omelettes ’— 
would certainly be very difficult and does not 
appeal to us as particularly wise. For the 
two parties in the State are strongly divided 
upon the issue of nationalisation. No one 
wants the iron and steel industry, road 





transport and possibly other industries, too, 
to be alternately nationalised and de- 
nationalised for years to come in accordance 
with the results of General Elections ! What 
precisely the Government has in mind cannot 
be foreseen from the wording of the Speech. 
But reference is made, for instance, in 
promising ‘‘ annulment” of the Iron and 
Steel Act to “reorganisation” of the 
industry under free enterprise and to an 
“adequate measure of public supervision.” 
Those words suggest something other than 
the mere return of the control of individual 
iron and steel firms to new or original share- 
holders. The Government may have in 
mind some regrouping of iron and 
steel interests and the setting up of a con- 
trolling body with more positive powers of 
direction over the industry than the British 
Tron and Steel Federation possesses. Again, 
the Speech did not specifically refer to the 
restoration of road haulage to private hands, 
but to facilitating “ the extension of private 
road haulage activities,” a phrase that suggests 
not the disappearance of the Road Transport 
Executive, but that private and public road 
haulage concerns will be permitted to com- 
pete on equal terms upon the roads. The 
Executive may be encouraged to sell out its 
interests to private buyers as opportunity 
offers. One other measure foreshadowed in 
the Speech calls for particular mention. It 
is that for legislation to strengthen and widen 
the activities of the Monopolies Commission, 
a proposal that will need to be carefully con- 
sidered if widespread opposition within 
industry and within trades unions is not to be 
aroused. 

The Speech indicates that the Govern- 
ment contemplates, (at least at present 
and until it is firmly settled in the saddle 
and has had time to become fully familiar 
with the state of the country’s affairs) little 
new legislation. But on the administrative 
side it will have much to do. One of the 
interesting things about Mr. Churchill’s 
cabinet making has been his appointment of 
ministers with co-ordinating functions and 
over-riding authority over other ministries. 
Particularly welcome is the appointment, in 
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the person of Lord Leathers, of a ministe 
for the Co-ordination of Transport, Fuel ang 
Power. These three basic industries, ag 
we have repeatedly pointed out duriig the 
last twelve months, are failing to kee, pace 
in development with the demands of in. \ustry 
for their products and services. The appoint. 
ment certainly suggests that the eventual 
report of the Fuel and Power Resonrees 
Committee under the chairmanship of Lord 
Ridley, appointed by the Minister oi Fue} 
and Power last August, will have a more 
favourable reception than it might have been 
accorded by the Labour Government, jp 
which the minister concerned was hot a 
member of the cabinet. Certainly it must 
be a dominant theme of the new cal)inet’s 
discussions to discover means of incré: asing 
rapidly the output of fuel and power, of 
improving rail transport and of economis. 
ing the use of fuel. Lord Leathers will have 
to struggle, too, with the problem, intract. 
able ever since the end of the first world 
war and unsolved by the nationalisation 
under the Transport Commission of road and 
rail haulage, of the competition between 
road and rail. Another problem facing the 
Government and urgently needing solution 
is that of providing adequate facilities for 
the extension of technological education, 
Does the Government intend to go forward 
with the proposals of the National Advisory 
Council on Education for Industry and 
Commerce for setting up a College of Tech- 
nologists and giving financial encouragement 
to technical colleges, proposals accepted in 
principle by the Socialists, or does it intend 
to reopen discussion upon the whole ques. 
tion? It is probable that Lord Cherwell, 
whose job of co-ordinating research and 
development is related to and must to some 
extent overlap that of Miss Florence Hors. 
brugh, as Minister of Education, will have 
opinions to express to the cabinet upon that 
point. Last, but not least, the new Minister 
of Labour and National Service, Sir Walter 
Monckton, will need to study what can be 
done to counter the labour shortage and 
particularly that of skilled labour. 


THE OTTO CELEBRATIONS AT COLOGNE 


THE ninetieth anniversary of the founding 
of the Cologne branch (Bezirksvereins) of the 
Verein Deutscher Ingenieure was marked, 
during October, by the reading of a number of 
papers descriptive of recent developments 
in the design of internal combustion engines. 
It was concluded by a celebration of the 
seventy-fifth anniversary of the Otto four- 
stroke-cycle gas engine. There is a great 
deal to be said for such celebrations, remind- 
ing us, as they do, of those recurring periods 
in which the tide of technical progress flows 
most strongly. They also remind*us of the 
fact that such tides are impelled by the 
efforts of a number of individuals, not all of 
whom receive credit for their contributions. 
A great deal has been written about Nikolaus 
August Otto and his fruitful connection with 
the development of the gas engine, nor is it 
surprising that excessive claims have been 
put forward on behalf of Otto by com- 
mentators actuated by enthusiasm rather 
than by knowledge. For example, his work 
in the development of the internal com- 
bustion engine has lately been compared to 
the work of James Watt and Charles Parsons 
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in the development of the reciprocating 
steam engine and the steam turbine. It is 
no reflection on Otto to affirm that such 
exaggerations are apt;~on investigation, to 
detract from the credit really due to him, 
since it is not as a mechanical engineer or as 
an inventive genius that he owes his fame. 
Otto owes his honourable position in the 
history of prime movers to the fact that he 
was a hard-working, enthusiastic and pres- 
cient man of business who arrived on the 
scene of action at the opportune moment. 
He was, moreover, peculiarly blessed in his 
associates, notably Eugen Langen, who, 
incidentally, is named first in the application 
for the free-piston gas engine patent, the 
development of which put Otto on his feet. 
Well known is the fact that the refinements 
on this engine—notably the ingenious free- 
wheeling clutech—were due to Langen. But 
it must also be recalled that the scheme of 
the free-piston gas engine originated not 
with Otto or with Langen in 1866, but with 
Barsanti and Matteucci in 1857. Otto’s 
connection with the free-piston engine is not 
as a designer or patentee, nor is there any 
reason to doubt that Langen was mainly 
responsible for the mechanical development 
of the early products of the factory at Kéln- 
Deutz. 

Langen had been a student at the Tech- 
nical High School, Karlsruhe, whereas Otto 
was engaged in strictly mercantile affairs 
until he reached the age of about thirty. It 
has also to be remembered, in assessing the 
status of Otto as an inventor and engineer, 
that, in addition to Langen, he had the 
invaluable collaboration of Gottlieb Daimler, 
who, after spending some time in England 
with Joseph Whitworth and Co., entered the 
Deutz factory in 1872, remaining there until 
1882, by which time he had become managing 
director of the business. It is of further 
interest to note that Wilhelm Maybach went 
also to Deutz in 1872, remaining, like 
Daimler, until 1882. In the early years of the 
business both N. A. Otto and Co. and their 
free-piston gas engine licensees had a belief 
in this kind of machine which was so strong 
as to cause the late Francis William Crossley 
to express—in 1875—strong doubts as to 
the practicability of the normal explosion 
gas engine working with connecting-rod, 
crank and flywheel. It can hardly be doubted 
that this view was a reflection of the opinions 
of Otto, which renders it the more surprising 
that during the very next year the appearance 
of the Otto “ silent ’”’ engine demolished any 
ideas as to the disadvantages of the normal 
gas engine with connecting-rod and crank. 
The priority date of Otto’s patent for the 
“ silent ” (four-stroke) engine is June 5, 1876, 
but long before this Francisque Million 
(among others) had shown a clear compre- 
hension of the improvement in performance 
which could be realised from compression of 
the gas and air charges. Rather later—in 
1862—Beau de Rochas had described the 
four-stroke cycle (French patent No. 52.593) 
and in 1873 Christian Reithmann, of 
Munich, put into commercial service the first 
engine which operated on the cycle enun- 
ciated earlier by Beau de Rochas. It is well 
known that in 1886 the Supreme Court of the 
Reich annulled Otto’s German patent for 
the four-stroke engine, though in Great 
sritain attempts to show the invalidity of 
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this patent failed on the legal grounds that 
the specification of Beau de Rochas had not 
been published “ in such a way as that there 
may be a reasonable probability that any 
person, and amongst such persons, Dr. Otto, 
might have obtained knowledge from it ” 
(Otto v. Steel). The truth is that Otto did 
not originate either the “ free-piston ”’ engine 
or the four-stroke-cycle engine. Neverthe- 
less, the cycle on which the “silent ’’ gas 


’ engine operated has come to be known as the 


“ Otto” cycle. In technological history it 
frequently happens that the work of those 
men whose intuitions and labours have 
played a major part in a technical advance 
does not receive the credit to which it. is 
entitled. Of no invention is this more true 
than in the case of the four-stroke-cycle gas 
engine, where the successful manufacturer 
has almost come to be regarded as the sole 
originator. 

Otto was an enterprising manufacturer 
who had the invaluable support of a number 
of very clever mechanics. We need not 
doubt the important part played by Gottlieb 
Daimler, who, it is believed, came into more 
or less violent conflict with Otto. In this 
a@ moderating influence was exercised by 
Langen, whose family had previously pro- 
vided the greater part of the finance required 
for the development of the business. The 
well-deserved success of the gas engine- 
making industry at Deutz was largely due 
to the creation of manufacturing facilities of 
a kind never previously employed in the 
construction of internal combustion engines. 
Behind these facilities lay the engineering 
ability of such as Langen and Daimler. The 
basic ideas embodied in the free-piston engine 
and the four-stroke-cycle engine were 
enunciated before the time of N. A. Otto and 
Co., and it is but bare justice that credit 
should be given to whom credit is due. This 
has been acknowledged by Dr. Arnold 
Langen, who described the work of Beau de 
Rochas as “eine prophetische Schilderung 
des Viertakts.”” He could have looked even 
earlier to the suggestions of Lebon d’Humber- 
sin, Million, Barnett and Schmidt, who all 
made contributions. Otto will never be 
denied the applause due to the sustained and 
successful labours which he put into the 
development of the gas engine. He played 
a most important and indomitable part, but 
we must not forget the priority of others and 
particularly of the Frenchman Beau de 
Rochas. It is, indeed, incumbent upon all 
would-be historians of technological pro- 
gress that they should examine most carefully 
the background of inventions before they 
proceed to spotlight the work of a single 
individual. They must always keep before 
them the memorable words of Voltaire : 
“On doit des égards aux vivants; on ne 
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doit aux morts que la vérite ! 
—___—_———_ 


The Construction of a River 
Crossing of a Gas Main 


An interesting piece of work has recently 
been carried out in South Wales as part of the 
construction of -the South Wales gas grid. 
During the course of laying the 18in gas main 
from Neath to Morriston it was necessary to 
cross the River Neath at Skewen. The pipe 
forming the river crossing was to be laid with a 
minimum of 5ft cover below the river bed, and, 
as the river is tidal with depth of water ranging 
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up to 19ft at high spring tides, proposals for 
grabbing a trench were not feasible as the ebb 
and flow of the tide would have filled in the 
trench more quickly than the pipe could have 
been laid and jointed. Excavating a trench with 
draglines mounted on the river banks was also 
impracticable owing to the width of the river, 
which is approximately 400ft from bank to 
bank at this point. The conventional method 
would have been, therefore, to construct a 
cofferdam of sheet piling across the river in 
sections, so as to afford protection from river 


’ water whilst each portion of the trench was 


excavated and the pipe laid and jointed. This 
method would, however, have been lengthy 
and costly. 

It was therefore decided to excavate the 
trench by using a continuous line of blast holes 
across the river bed, which would blast out the 
whole trench instantaneously to the required 
depth and from bank to bank. A pipe could 
then be laid across the full width of the river 
before tidal influences resulted in the trench 
being filled again. The second essential was to 
have the whole length of steel main prefabri- 
eated on the river bank and resting on suitable 
supports in readiness to float into position 
immediately the trench was blasted out. 
Upward pointing legs at each end of this pre- 
fabricated pipe ensured that the main on both 
sides of the river could be completed in normal 
working hours, between tides, without any 
other special methods being necessary. It was 
anticipated that the cost of this method would 
be less than half the cost of cofferdamming. 

Considerable care was needed in planning and 
timing the various operations and in setting up 
sight rails and checking points to ensure that 
when the main was sunk into position it would 
be evenly bedded throughout its length and 
would have a regular fall across the river to the 
siphon point on the Neath side. 

To offset the reduction in depth due to slip 
from the sides of the trench and to silting during 
the tide before the pipe was positioned it was 
proposed that the tubes containing the explosive 
charges should be driven to a depth of 9ft below 
the bed of the river. To give sufficient width 
at the bottom of the trench thé tubes were 
staggered, being placed in two lines 2ft apart 
with 4ft 6in between adjacent tubes in the 
same line. The main horizontal length of pipe 
of approximately 232ft, together with the 
inclined legs on both sides, was laid and jointed 
on timber chairs on the Skewen side of the river 
upstream of the proposed line across the river. 
After the charges had been detonated and the 
trench inspected, the pipe was floated into 
position over the trench on the incoming tide 
and manipulated by six winches, three mounted 
on each bank in suitable positions. The pipe 
was then sunk into the trench by filling it with 
water, the stipulated fall towards the siphon 
being checked by passing a travelling boning 
rod along the top of the pipe. Any irregularities 
were dealt with by high-pressure water jetting 
along the sides of the pipe. 

As soon as the pipe was in position a low- 
pressure hydraulic test was applied. Back- 
filling was then commenced by deposition of a 
weak concrete mix over the pipe at intervals 
through a tremie pipe. Thereafter the re- 
mainder of the backfill was done using suitable 
hard filling material. 

The main across the River Neath was laid 
for the Wales Gas Board, the contractor 
being the United Kingdom Construction and 
Engineering Company, Ltd. 
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Letters to the Editor 
(We do not hold ourselves responsible for the opinions of 
our correspondents) 
THE RETURN OF THE NATIVE 

Srr,—A final reply, on the above subject, 
to Mr. Carty in THe ENGINEER of October 12th. 

No, Mr. Carty does not “ interpret correctly ”’ 
my remark that, through ignorance of English 
travelling conditions, I “had got into trouble.” 
This meant trouble with my baggage, due to 
the absence of a proper system of labelling or 
checking; to non-use of luggage vans; to 
the cluttering up of corridors and gangways, 
often needlessly ; to the descent of luggage on 
people’s heads, which can easily be worse than 
merely amusing. Much of this could be avoided 
if bulky stuff, at any rate, were put in the van, 
which I have always imagined was provided 
for that purpose, but which is now generally 
disregarded. It could be used with safety 
and convenience if certain simple methods were 
adopted, methods which to my knowledge have 
been advocated for half a century, but never 
tried out. They could be voluntary; a 
passenger could use them if he wished, or take 
his chance by making corridor or compartment 
a depository—incidentally, thereby greatly 
increasing the discomfort of his  fellow- 
travellers. In the former case, the responsibility 
would be the company’s ; in the latter, his own. 

So far from other people having “joined 
issue ’’ with me on this and associated matters, 
every comment made to me viva voce has been 
largely in agreement, showing I am far from 
being the only sufferer. To strengthen my 
point it happens that since my original remarks 
were made on luggage mishandling I have “ got 
into trouble”’ twice more, and on a third 
occasion nipped in the bud potential trouble, 
all of these being with “ luggage in advance,” 
in one case insured. Yet still exasperation 
and delay dogged my movements, though I 
had carried out all the appropriate routine 
details. These annoyances had nothing what- 
ever fundamentally to do with war or post-war 
conditions ; they stemmed from roots that I 
have no intention of enlarging upon in this 
letter—Tur ENGINEER is not the place for it. 
A simple checking system, however, would 
have prevented most or all of the trouble, 
and would in the long run probably save, not 
increase, labour, as real efficiency generally 
does. I repeat, such a system has been in use, 
and in England has been argued pro and con, 
for fifty years; there is nothing new nor 
inappropriate in my advocacy. It is easy 
nowadays to shuffle out of many things by 
blaming the war and its aftermath, but there 
are often very different basic reasons for obvious 
shortcomings. 

Neither British Railways nor Mr. Carty 
are objects of “ire” on my part; he should 
not attribute to me, with neither grounds nor 
knowledge, sentiments quite out of proportion to 
the importance of the matter or person concerned. 
So far from feeling “ire’’ against B.R., I am 
genuinely sympathetic and concerned at many 
of the difficulties under which they operate— 
which often are duplicated in Canada, by the 
way—and I have often found that my views 
have the full support of “ all ranks and ratings ”’ 
of railwaymen, from the highest to—well, if 
not the lowest—at any rate, those on the lower 
rungs of the ladder, and they have not scrupled 
to say so emphatically. Further, I am very 
appreciative indeed of the courtesy and good- 
will met with during my stay in my native 
land from innumerable railwaymen, which is 
always reciprocated. This, however, does not 
debar me from occasionally pointing out things 
that strike me as being capable of improvement. 
I would again stress the fact that I am English, 
and that this is my country, where, as a matter 
of fact, most of my heart is even yet to be 
found, notwithstanding the long time I have 





THE ENGINEER 


lived away from it. Therefore, I claim the right 
to say what I think, within reasonable limits, 
when visiting it, without necessarily incurring 
“ire” from any quarter. But enough of this— 
it is a side issue. 

I have no knowledge of the quality of the 
oil burned by French locomotives. It is 
probably little, if at all, differerit from that used 
in America, and, in any case, a good oil-firing 
system is not so sensitive as to be hopelessly 
upset by even considerable variations in the 
oil passed through it. Adjustments can easily 
be made to “ take care”’ of this. Until proved 
wrong by someone with actual knowledge of 
the facts I shall continue to believe that the 
soot with which Mr. Carty was “ coated from 
head to foot” was most likely due either to 
defective apparatus or an ignorant or careless 
fireman. It seems to me that Mr. Carty is too 
much inclined to indulge in hyperbole. Does 
he seriously claim he was “ coated from head 
to foot” with soot by that badly behaved 
engine ? Where could he have been riding—on 
the roof ? 

My final remarks were intended to imply 
that if my little criticism of certain features 
of B.R. was in bad taste in the light of British 
handicaps and conditions, then equally so were 
Mr. Carty’s pungent complaints of French 
railway shortcomings, seeing that we and the 
French are in much the same position. There- 
fore, both they and we being in the same boat 
—and Mr. Carty and myself as well, appa- 
rently—perhaps it behoves us both, not only 
me, to sit in it corrected—and in silence. That, 
at any rate, so far as this little matter is con- 
cerned, will be my attitude. 

Epwarp H. Livesay 

Sheffield, October 12th. 


“GAS TURBINE MANUAL” 


Srr,—In view of the exceptionally kind 
terms in which you reviewed our book, The 
Gas Turbine Manual, in your issue of October 
19th, it would be churlish for either Mr. Waller 
or myself to quibble at the various minor 
criticisms of your reviewer, particularly where 
these deal with matters of opinion or pre- 
ference. In defence of absolute scientific truth, 
however, I hope you will permit me to point 
out that the heat equivalent of 1kWh is 
correctly stated in our book as 3413 B.Th.U. 
and that your reviewer is in error in suggesting 
that this figure ought to be 3412. 

The 1939 Callendar Steam Tables give 
3412-75, the BEAMA 1940 Heat Drop 
Tables give 3412-8, Schmidt’s Thermo- 
dynamics (Oxford Clarendon Press, 1949) 
also gives 3412-8, while the Hshbach. Hand- 
book of Engineering Fundamentals gives 3413. 

I should also like to assure your reviewer that, 
in spite of his misgivings, it is now the accepted 
practice of the whole gas turbine fraternity of 
this country (other than himself) to draw a clear 
distinction between the meanings of the words 
** recuperative ”’ and “ regenerative ’’ as applied 
to gas turbine heat exchangers. This con- 
vention is followed not only by all the manu- 
facturers, but, as was made clear in their latest 
series of lectures (Proc. I.Mech.£., Vol. 163, 
page 194), it has also been adopted by the 
research workers and physicists at the National 
Gas Turbine Establishment. 

R. J. WELSH 

Rugby, October 19th. 


[Our reviewer writes: Replying to Mr. Welsh’s 
letter of October 19th, I agree that some of his 
values given for the kilowatt-hour were right 
at the time they were published. However, in 
1946, at an International Conference on Weights 
and Measures, in Paris, it was agreed to adopt 
the absolute values of the ohm and the volt 
based on fundamentals in place of the former 
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‘international ” (arbitrary) values. This made 
a small alteration in the watt, as a result of 
which the kilowatt-hour became 3412.) 
B.Th.U. (the B.Th.U. is the  internationg 
steam tables value, which is the only ne noy 
recognised). 

ing ‘‘recuperative”’ and “ regener. 
tive,” I did not know that British manufy. 
turers had agreed to use Mr. Welsh’s voc abulary 
as they do not publish their secret maching. 
tions. There is still a great deal of the worl 
over which they have no say and my ow 
unregenerate opinion is that such stan:lardiga. 
tion is unnecessary as up to the present the 
rotary’ regenerator is not in practical use, g 
all existing regenerators are recuperators. The 
desire to confine the term regenerator to an 
apparatus in which heat is stored and they 
recovered seems to be based on a misconception, 
The thermodynamic notion of regeneration jg 
the recovery of low grade heat, i.e., heat about 
to die, and its reintroduction into the cycle, 
giving it a new lease of life. I do agree, how, 
ever, that it is better to acept ‘‘ recuperator ” 
than “heat exchanger,” which is an insuffi. 
ciently definite term.—Ep. THE E.] 





THE THIRTY-SIXTH INTERNATIONAL 
MOTOR SHOW 


Srr,—Comment on the power-to-weight ratio 
of the new Vauxhall ‘“ Wyvern” expresses 
doubt “whether the 35 h.p. engine and the 
three-speed gearbox will provide the acceleration 
and flexibility which is essential nowadays, 
especially in urban traffic.”’ Thus, is stated the 
modern popular trend of thought which regards 
maximum brake horsepower as the criterion of 
performance of ordinary family cars. 

Of much more importance as affecting 
acceleration and flexibility in urban traffic is the 
maximum torque and the effective road speed 
at which it is available. In this respect the 
new “ Wyvern” should be by no means sub. 
standard, being very little different from the 
earlier 1}-litre models of this make which have 
established a reputation for liveliness of top. 
gear acceleration and a capacity for hill climbing 
out of proportion to the low maximum brake 
horsepower (achieved, incidentally, at quite low 
revolutions per minute). 

The makers—with whom I am not in any 
way connected, except as a satisfied user—have 
effectively concentrated on low-speed “ pulling 
power”’ in this engine at the expense of high 
brake horsepower at high revolutions per 
minute; in doing so not only have they 
rendered four speeds unnecessary, but they have 
made available a car with an acceptable per- 
formance with the minimum of gear changing, 
while at the same time making possible fuel 
consumption figures of well over 30 miles per 
gallon even with full loads and quite rapid 
travel. J. G. SHaw Scorr 

Heston, October 26th. 





ASSESSMENT OF LOCOMOTIVE 
PERFORMANCE 

Sm,—Mr. Munnion’s remarks about the 
running of the pre-war down ‘“‘ Coronation ” are 
interesting, but as the schedule between York 
and Newcastle was much easier than that south 
of York, the percentage of late arrivals there 
was probably higher than for Newcastle. Even 
that, according to Mr. Munnion, was 20 per cent 
for one period of three months, and so his 
figures do not conflict with the belief that the 
157-minute timing from King’s Cross to York, 
although observed on some occasions at least, 
was somewhat “tight ’’ for the standard ‘‘ A4” 
‘* Pacifics ’’ when the load was 325 tons, which 

was the condition mentioned in my article. 
W. A. TUPLIN 





Sheffield, November 3rd. 
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A Twenty-Cubie-Yard Walking Dragline 


No, Il—(Continued from page 551, November 2nd) 


HE 282ft long jib on the dragline weighs 
some 94 tons alone and 126} tons with the 
catwalk, suspension member and other acces- 
gories. It is the largest welded tubular member 
of its kind ever built and its arrangement can 
be seen in the drawing overleaf and the photo- 
phs reproduced herewith. It is of triangular 
section with the main compression and tension 


mambers designed as twin tubes with distance 
pieces welded in. The two main compression 
members run from the heel pieces to the head 
of the jib, and the main tension member from 
the head to the apex, where it bifurcates into 
a ‘fish tail’? structure from the apex to the 
heel pieces. A twin tube arrangement was 
also adopted for the A-frame. 

A high-tensile chromium-molybdenum, fine- 
grain steel, aluminium killed, was evolved for 
the construction of the jib, and the tubes were 
made in three categories. For the main com- 
pression and tension members seamless tubes 
were rolled, cold drawn and normalised. For the 
main members of the A-frame and subsidiary 
bracing members hot finished seamless tubes 
were made, and the lattice bracing tubes were 
made by the continuous weld process. 

The nine forgings required for the jib proper 
and eight for the A-frame were flame cut from 
the solid and machined after normalising. 
Each of the two heel pieces of the jib weighs 
li tons and, before they were despatched to 
site, tubular stubs were welded on to them for 
the connection of the main compression 
members, Five tubes meet in each of the two 
forgings at the apex rings and in the construc- 
tion adopted the three most important members 
were ovalled for about 18in from their ends. 
The other two tubes had their ends formed to a 
cruciform shape. 

The jib is not suspended by ropes, but can, 
when required, be lowered into a horizontal 
position by ten parts of a rope from the jib 
hoist winch. A tubular structural suspension 
member connects the jib through links to the 
A-frame head, and, as already mentioned, these 
links relieve the jib hoist rope of load. The links 
support the jib at angles of 30 deg. or 35 deg. 

The drag rope fairleads are composed of 
two units of similar design mounted in a single 
frame on the main deck directly over the main 
circular girder. Each unit is orthodox in 
design, being fitted with two vertical and two 


horizontal pulleys, but with guide cheeks much 
smaller than usual mounted on a balanced arm 
carried on the lower vertical pulley pins. This 
arrangement permits the cheeks to operate at 
a greater distance from the swivel pin than is 
usual and thereby minimises the wear on the 
cheeks and ropes. 

All the pulleys are made of high tensile cast 





DRAGLINE WALKING 


steel and are mounted on hard bronze bushes. 
On the vertical pulleys the bushes are pro- 
tected by bellows seals of an approved pattern, 
which are, in turn, protected by cast steel 
covers. The units are placed at a distance 
which will permit the drag ropes being led to 
a central pulling hitch of the drag bucket or 
directly through the drag chains to the pulling 


lugs on the sides of the bucket, according to 


site conditions. The 20 cubic yard fabricated 
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bucket used with the dragline is of well-estab- 
lished design ;. when empty it weighs 21 tons 
and, full, 48 tons. Its overall dimensions are 
17ft long by 10ft 9in wide. 


ELECTRICAL PLANT 

The walking dragline described in this article 
is the first excavator built in Great Britain to 
incorporate Amplidyne control. All the 
main electrical plant in the dragline was 
designed and manufactured by the British 
Thomson-Houston Company, Ltd. 

Power is supplied to the machine at 6-6kV 
through two four-core, pliable} armoured fiex- 
ible trailing’ cables of 3-7in overall "diameter, 
and is taken through ‘air-insulated slip-ring 
Ransomes and Rapier collectors to two main 
cubicles in the revolving superstructure. In 
each of these cubicles it divides through two 
independent isolating switches; - thence one 
cubicle supplies a 1200kVA synchronous motor 
driving one of the main motor generator sets 
and a 200kVA, three-phase, 6600/440V auxiliary 
transformer, and the other cubicle supplies 
a similar motor and a 50kVA, three-phase, 
6600/110V lighting transformer. 

In the dragline there are two duplicate main 
motor generator sets mounted right arcoss 
the tail end of the main structure, each set 
being supported on six resilient pads. Each 
of these sets is driven by one of the 1200kVA 
unity ‘power factor, 1000 r.p.m. synchronous 
motors, mentioned above, and consists of a 
400kW, 550V hoist generator, a 400kW, 550V 
drag/walk generator and a 200kW, 275V swing 
generator. The four machines comprising 
each generating set are solidly coupled and 
run in five oil-ring lubricated pedestal bearings ; 
a self-aligning single-row ball bearing is incor- 
porated at one end to take thrust. 

An auto-transformer using a single hand- 
Operated oil circuit breaker is employed for 
starting each set and the change-over from tap 
to line is accomplished through an air-break 
rotary switch operated from the circuit breaker 
handle while the circuit breaker is momentarily 
open, The synchronous motor fields are supplied 
from either one of two 17kW, 45V_ exciters 
forming part of two independent exciter sets, 
each including an Amplidyne. Only one of 
these sets is in use at a time, the other being a 
standby, the selection of either set being made 
by means of links. The Amplidyne supplies 
the exciter field and a small control panel 
provides for either hand or automatic control. 
The synchronous motors are started with the 
Amplidyne under hand control, and once started 
the control is switched over to “ automatic ”’ 
when the Amplidyne adjusts the excitation to 
maintain the power factor at any desired value 
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from unity to 0-8 leading—irrespective ¢ 
load variations on the synchronous moto, 
Alternatively, provision is made to naintgin 
constant any value of reactive kVA from 0 ty 
1200, either leading or lagging. 

The hoist, drag, and walk motions «re each 
driven by four 225 h.p., 230V, 450 rpm, 
separately excited, shunt-wound, heavy-duty 
motors with ball and roller bearing. They 
operate in tandem and are individual!) blow, 
by a fan from the 440V a.c. supply. The motoy 
are connected in pairs in series across each of 
the hoist and drag/walk generators. . 8 nce the 
drives are similar the following description of 
the hoist motion applies equally to tie drag 
and walk motions. 

From the circuit diagram opposite it yi! 
be seen that the generators have a@ separately 
excited shunt field as well as differenti! series 
fields to provide a certain amount of droop on 
the generator characteristic. The separately 
excited fields are supplied in parallel from ay 
Amplidyne having a control field X,X, operated 
directly from a five-point reversing master 
controller, An adjustable compensating wind. 
ing on the Amplidyne provides a feed-back from 
the Amplidyne output to give a forcing effect on 
the generator fields. The current-limiting 
characteristic of the control is introduced by 
the field X,X, of the Amplidyne. A d.c. refer. 
ence voltage is obtained from a transformer 
and rectifier, and is compared with the voltage 
drop across the commutating poles of both pairs 
of motors. When this drop exceeds the refer. 
ence voltage, current passes in field X,X,, 
progressively reducing the Amplidyne voltage 
and hence the generator fields, with increasing 
generator current, and limiting this current toa 
definite value (as shown by the characteristic 
curves) when the motors are stalled. A second 
function of field X,X, is to “suicide” the 
Amplidyne through the “ off” position inter. 
locks OP on the controllers. Voltage relays 
VR prevent the application of this suicide 
connection until the generator voltage has been 
reduced to a definite safe value. Undue 
rapidity of response, resulting in overshooting 
of the generator voltage, is prevented by a 
stabilising transformer across the Amplidyne 
whose secondary winding supplies Amplidyne 
field X,X,. Current flows in this field only 
during actual change in the Amplidyne voltage 
and the field is connected so as to prevent the 
rate of change becoming excessive. 

The generator characteristics are shown on 
page 597, from which it will be seen that for any 
load current up to about half the short circuit 
value, the voltage is evenly spaced over the 
five controller points, and the slope is such as 
to ensure good load sharing between the two 
generators. Beyond this point the current- 
limiting circuit comes into operation to increase 
the slope considerably and so keep the stalled 
current within the capabilities of generators and 
motors. 

The motors are separately excited from either 
of two identical 45kW, 125V exciters which, 
together with the synchronous motor exciters, 
the Amplidynes for the power factor control, 
and the 95 h.p. squirrel-cage induction motors, 
make up the two exciter sets, one of which is 4 
complete standby for the other, the selection 
being made by links. Each pair of motors has 
its fields connected in series through a tapped 
resistor for adjustment and the field current is 
maintained at a reduced value in the “ off” 
position of the controller. Contactors are 
used to bring the field up to full strength when 
the controller is on point 3 or beyond. In 
addition, when the motor reaches a speed of 
about 700 r.p.m., the field is automatically 
weakened through the medium of a voltage 
relay operating from a tacho-generator which 
is belt driven from one of the motors. With 
weakened field the motors can attain a light- 
load speed of about 1000 r.p.m. 

Each motor is fitted with a double-disc, 
electro-mechanical brake energised from the 
125V exciter supply. During normal operation 
these brakes are held off permanently and are 
only applied by the driver to act as holding 
brakes after the motion has been brought to 
rest by the controller. They would, however, 
come into action automatically in an emergency, 
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sch as failure of supply. In the case of the 

walk motion the brakes are operated directly 

fom the controller and are automatically 

applied when the controller is in the ‘ off” 
ition. 

The walk motors take their supply from the 
same generators as are used for the drag and 
the change-over from one drive to the other is 
effected by means of an air-break, motor- 
operated rotary switch, interlocked to ensure 
that the motors are at rest during the change- 
over operation. 

In the case of the slew motion there are 
two motors, one supplied from each generator. 
These motors are of the same electrical design 
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GENERATOR CIRCUIT DIAGRAM 

as the others, but are arranged for mounting 
vertically on top of the slew. gearbox. The 
generators in this case have an additional self- 
excited field winding which has the effect of 
making the “ knee ”’ in the characteristic more 
pronounced to maintain the motor torque 
during acceleration until a relatively higher 
speed is reached. 

All the motions are controlled by the driver 
from either of two glass-fronted control cabins 
(illustrated below) on each side of the super- 
structure at the front and on a level with the 
bottom of the boom. Each cabin contains a 
control console as illustrated. The ‘three 
cam-operated master controllers are situated 
behind the seat and are operated by a 
link mechanism from the two vertical levers 
for the hoist and drag/walk motions and from 
the pedals for the swing motion which are 
spring biased to the off position. Along the 
right-hand arm of the console “are the three 
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pistol-grip two-position switches for the brakes, 
and a fourth similar switch for changing over 
from drag to walk. Indicator lamps. suitably 
inscribed show when the motor-operated 
change-over switch has actually completed its 
travel. Tumbler switches are also incorporated 
to control the various flood-lighting circuits, 
through contactors where necessary, to enable 
the machine to work at night. A central-zero 
meter at the front of the arm scaled in feet per 
minute is coupled to a tacho-generator and gives 
the driver an indication of the speed of the 
hoisting line. .A lamp indicator shows the 
driver when the walking shoes are fully raised 
into the normal working position. The left- 
hand arm has an exciter voltmeter, emergency 
stop and reset buttons at the front, followed by 
the port/starboard control cabin change-over 
switch and indicator lights. Finally, there is a 
meter showing how many of the four aircraft 
warning lights at the boom head are actually 
alight, together with the switch controlling 
these lights. All these controls are duplicated 
in the other cabin with the exception of the 
port/starboard change-over switch. 

Hand-operated, oil-immersed, star/delta 
starters are used for the exciter and main 
Amplidyne sets and are conveniently located 
close to the main synchronous motor starters. 

All the machines and control cubicles are 
fitted with electric heaters supplied from the 
200kVA transformer, and they are automatic- 
ally switched on by a contactor to guard against 
condensation in damp weather when the rest 
of the equipment is shut down. They are 
arranged in three approximately equal groups, 
each of about 10kW to give a balanced three- 
phase load at 250V between line and neutral. 

A special winch is fitted for raising and 
lowering the boom; both motions require a 
fair degree of speed control which could not be 
obtained with plain rotor resistance control of 
an induction motor. Accordingly, use is made 
of “* Stacreep ’’ control, in which the brake is 
operated by a thrustor. The controller is of 
the usual main current reversing drum design, 
and, on the first two points, both hoisting and 
lowering, the thrustor is fed from the motor 
slip rings through a transformer to give a 
secondary voltage at standstill equal to the 
line voltage. Under this condition the rotor 
frequency equals that of the supply and the 
thrustor runs up to top speed and completely 
releases the brake. The motor then starts 
to run up in the normal way, but, as its speed 
increases so the rotor frequency and voltage 
fall, with corresponding reduction in thrustor 
speed, thus partially applying the brake. 
Depending on the amount of resistance in the 
rotor circuit a steady speed is reached between 
15 and 35 per cent of full speed at which the 
combined load and brake torque balances the 
motor torque. The value of rotor resistance 


is so chosen that the full-load lowering speed 
and the light-load hoisting speed are about equal 
at 15 per cent full speed on the first position of 
the controller and at 35 per cent full speed in 
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the second position. This design gives very 
adequate control over the whole duty range 
from the light-load duty of reeving ropes to 
lowering full load. 

The essential main and control connections 
for the synchronous motors are shown in the 
diagram, on the next page. The three- 
phase potential transformer has a 110V 
secondary and the power factor Variac (V;) 
is connected across two of the output terminals. 
Between the variable point of this Variae and 
the third terminal is connected the reactive 
kilovolt-ampere Variac (V,). Thus the voltage 
applied to the Variac (V,) can be varied in 
phase by a total of 60 deg. When the Variac 
(V,) is set at one end, the phase of the voltage 
applied to the Variac (V,) is in quadrature with 
the line to neutral or phase voltage. of the third 


Generator 
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line ; therefore, if the power factor is unity, it 
is also in quadrature with the current in this 
line. Rectifiers across each section of the 
Variac (V,) supply two identical opposing fields 
X,X, and X,X, on the Amplidyne and so long 
as these two voltages are equal, the two fields 
neutralise each other. 

The current transformers CT, and CT, are 
connected to a totalising current transformer, 
the secondary of which is connected across a 
resistance in the common connection between 
the rectifiers and the Variac (V,). It Will be 
realised that as long as the power factor remains 
at unity, with both Variacs set for this condi- 
tion, a variation in the main current will affect 
the magnitude of the voltage applied to fields 
X,X, and X,X, equally. Should the main 
current become lagging, however, the value of 
the voltages applied to these fields becomes 
unbalanced. The connections are so arranged 
that the excitation of the Amplidyne is then 
greatly increased, causing a corresponding 
increase in the exciter voltage and syn- 
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chronous motor fields which are connected in 
parallel across the exciter. This increased 
excitation brings the power factor practically 
back to unity. 

The effect of moving the power factor Variac 
(V,) is to alter the phase of the voltage applied 
to the reactive kilovolt-ampere Variac (V,). 
To maintain a balance in the voltages applied 
to the fields X,X,, X,X,, the phase of the 
current from the totalising transformer must 
also change by the same phase angle. The 
control will therefore operate to maintain the 
power factor as determined by the new position 
of the Variac (V,) up to a maximum of 60 deg. 
lead. 

Movement of the Variac (V,) causes the 
fields X,X,, X,X,, to become unbalanced by a 
fixed amount which represents a definite value 
of reactive kilovolt-ampere. Balance is then 
only restored when the current passing in the 
common resistance supplies this fixed amount of 
reactive kilovolt-amperes. 

The field X,X,) maintains a minimum field 
on the Amplidyne to give unity power factor at 
light load and is adjustable for hand control, 
while the field X,X, is arranged to ensure that 
under fault conditions the exciter voltage is 
limited to a definite safe maximum or minimum 
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of the crane operator’s station. To give free 
access to the house for the introduction and 
removal of plant and stores, the lower portion 
of its rear end can be lowered as a complete 
unit by means of the crane. In the front of 
the machinery house a crane gantry with an 
electric pulley biock is fitted over the fairleads 
for maintenance purposes. 

A complete filtering and fan equipment is 
provided, capable of supplying 60,000 cubic 
feet of filtered air per minute for the cooling 
of the electrical equipment and for maintaining 
@ pressure in the house above atmosphere in 
order to prevent the ingress of dust. Five 
fans serving this unit draw air through two 
sets of three banks of large rotating, self- 
cleaning, filters. Each set of air filters and the 
ancillary equipment, comprising power pumps, 
tanks, filters, &c., is as high as prac- 
ticable on each side of the house. 

An automatic metering system of lubrication 
is employed to feed all the journal bearings 
throughout the machine and two separate 
oil spray equipments are provided for lubricat- 
ing all the gears totally enclosed in the main 
rotating units. 

An enclosed gallery extends around the 
front circular girder of the superstructure and 
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MAIN AND CONTROL CONNECTIONS FOR SYNCHRONOUS MOTOR 


value. The field X,X, is for stabilising to 
prevent oscillations which are inherent in any 
rapidly responsive circuit such as this, where 
forcing is employed. It is the rapidity of 
response of the Amplidyne which makes this 
scheme possible. 

A recording instrument is provided on the 
excavator to record the slewing angle. It con- 
sists of a cam-operated pin moving over a chart 
which is sealed in degrees. The slewing angle 
is transmitted from the centre post of the 
excavator to the cam by means of Selsyns. 

The machinery house and control cabins of 
the dragline are built up of angle framework 
covered with flat sheets. The full length of the 
house is served by a 25-ton overhead electric 
travelling crane with two 12}-ton indepen- 
dently controlled crabs. The crane is supplied 
with direct current at 125V from the main 
exciter. All motions are by series- 
wound motors under the control of reversing 
main current drum controllers with two points 
of diverter control in each direction, with the 
exception of the hoists which have potentio- 
meter control on the lowering side. 

The crane rails are cantilevered out beyond 
the rear end of the house in order that loads 
can be t rted in and out by the crane 
without need for intermediate transfer. The 
rear end of the house, above the crane rails, is 
attached to the crane structure and forms part 


has at the ends time-study and recording 
instrument rooms, which are located immedi- 
ately below the operator’s cabins. From this 
gallery a clear and uninterrupted view of all 
the digging and hoisting operations can be 
obtained. 

The interior lighting of the house over the 
machinery consists of twelve 300W wall 
lanterns and four 300W concentrating reflectors 
in the roof. The dragline will be in operation 
by both day and night and for working during 
hours of darkness, the boom is fitted with a 
floodlighting system with ten 1000W and three 
500W projectors. 

To avoid unnecessary drain on the emergency 
lighting batteries, a relay is provided which, 
after a given time, which is adjustable, operates 
and cuts out the main portion of emergency 
lighting, leaving on only the boom head aircraft 
warning lights and a few other lights at 
important points. 

Power for the various auxiliaries is taken 
from the 200kVA transformer through a 300A 
triple-pole-and-neutra] isolator to a twelve-way, 
three-phase and neutral wall mounting ironclad 
fuse distribution box fitted with — 
Electric “‘H.R.C.” cartridge fuses, and from 
thenee to the various sections which include 
the boom hoist, No. 1 and No. 2 exciter sets, 
Amplidyne sets and the a.c. supplies to the 
ventilating fans. 
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Supplies for lighting distribution are take, 
from the 50kVA lighting transformer through 
t.p. isolator and thence via busbars tv twely, 
ironclad 60A switch fuses. From theso Switch 
fuses power is fed to the lighting dist ributig, 
boards situated at various points in th, 
excavator. 

The wiring. for the excavator consists of gj 
and multi-core vulecanised rubber insulated, 
single wire armoured, braided and _seryqj 
cables, amounting, in all, to about 13} miles of 
single conductors. 

The trailing cables and the 33kV_ cverheay 
line supplying power to the site were supplied 
by W. T. Henley’s Telegraph Works C mpany, 
Ltd. * 


ERECTION 


The erection on site was carried out py 
Stewarts and Lloyds, Ltd., under the super. 
vision of the maker’s engineers. 

The main items of lifting equipment for the 
erection were a 50-ton derrick crane and , 
crawler-mounted jib crane by which most o/ 
the parts were lifted. Special measures wer, 
adopted for lifting into position the walking 
legs each of which weighs some 30 tons, loads 
too heavy for the crawler crane and _ outside 
the reach of the derrick crane. For this reagoy 
special provisions were made for the setting 
up of a temporary lifting rig for the legs at the 
ends of the upper members of the walking 
bridge girder. This rig consisted of a short 
gantry carrying heavy lifting tackle with which 
the legs were raised and then moved inwards 
to register on their bearings. The two walking 
shoes, each weighing more than 50 tons, also 
presented a special problem which was solved 
by skidding them into position under the legs 
on steel rails laid on sleepers. 

The jib was fabricated on the site at ground 
level in front of the machine with its lower 
members resting on cradles set on concrete 
blocks arranged at intervals along its full 
length. The site levels were so arranged that 
when erection was completed the jib feet were 
in line with their pivot brackets on the super- 
structure of the machine and some 17ft in 
front of the machine. In order to move the 
boom the 17ft necessary to connect up to the 
machine, a concrete runway was built below 
the centre of the jib and a special bogie carriage 
constructed with a heavy cross beam at each 
end. The centre of the bogie carriage was 
fitted with a ball connection to lift on a specially 
prepared place on the jib. The bogie carriage, 
without its wheels, was assembled under the 
jib and jacked up under each of the four 
corners until it was taking the weight of the 
jib when the wheels could be fitted. The jib 
was also slung at a point much nearer the 
machine and a small portion of the weight 
taken on the 50-ton derrick crane. In this 
way the jib was moved 17ft towards the super- 
structure until its feet registered in the jib 
pivot brackets and the pins were inserted. 
With the jib thus connected to the super- 
structure the jib hoist ropes were reeved and the 
jib hoisted into position using the machine’s 
own power and machinery specially provided 
for that p . When the jib was raised to 
the required angle the safety links between the 
main suspension member and the apex of the 
A-frame were inserted and the weight on the 
jib hoist rope released. 

When the assembly of the machine was 
completed it was walked out of the erection 
pit under its own power to the nearby working 
site—a distance of approximately a quarter 
of a mile. 





Prevumatio Rorary Firing Macutnes.—A recent 
addition to the range of pneumatic tools made by 
the Atlas Diesel Company, Ltd., of Beresford 
Avenue, Wembley, Middx., is a series of rotary 
filing machines, particularly intended for use with 
tungsten carbide cutters. These cutters have been 
developed for finishing high-alloy steel and other 
hard materials hitherto worked only with grinding 
wheels. The new tools are small, light, well- 
balanced units and are available in a range of speeds 
from 60,000 r.p.m. down to 650 r.p.m. In them the 
exhaust air is led forward round the chuck to cool 
the front bearings and clear the cuttings from the 


workpiece. 
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some Factors Affecting Wear 


on Cemented Carbide Tools* 
hy EK. M. TRENT, M,Mot., Ph.D.{ 


INTRODUCTION 


Taz ‘Iheories accounting for the superior 
resistance to wear and the longer tool life 
obtainable with cemented carbide, as com- 

with high-speed steel, tools are generally 
ynsatisfactory. Im most published works it 
has been considered that a reference to the 
high hardness of cemented carbides at room 
temperature and at red heat, and their high 
melting point, is sufficient to account for their 
good performance. There has been little study 
of the actual wear process to show exactly what 
part these properties play. 

Qne aspect of wear on carbide tools has 
attracted particular attention. This is the 
cratering, or excessively rapid wear, on the 
top surface of the tool at a point just behind the 
cutting edge where the chip slides over the 
tool. This type of wear is of importance in the 
cutting of steel, and, with cemented carbides 
consisting of tungsten carbide and cobalt, is so 
severe that efficient machining of steel with 
tools of this composition is impossible. Experi- 
ence has proved that the introduction of a 
small amount of titanium carbide reduces 
cratering to a factor of minor importance. 
Theories have been put forward to account 
for cratering, but these are not very satisfactory 
since they are based to a large extent on infer- 
ences from the properties of the materials and 
speculations on the process of cutting which 
are not supported by very convincing evidence. 
The work described in this paper started 
from @ new approach to the cratering problem 
and the development of this work, involving 
detailed examination of the wear process on 
tool tips, led to some new conceptions of the 

of wear and the factors involved in 
tool life. 

Previously Published Evidence.—The most 
valuable recent work on metal cutting has been 
devoted to analysis of the stress systems 
involved, and this has achieved very con- 
siderable success, as shown, in particular, by 
the work of Ernst (1938), Merchant (1944 and 
1949), Zlatin (1949), and others in the United 
States. These studies have been made under the 
most simple conditions of cutting and where the 
“continuous” type of chip is formed. The 
experimental evidence includes photo-micro- 
graphs of chips showing the process of deforma- 
tion of the material being cut. The main basic 
properties controlling the geometry and 
mechanics of chip formation seem to have been 
soundly established within the limits of the 
cutting conditions investigated. This work, 
however, throws little light on the processes 
of tool wear or the factors controlling such 
wear, apart from providing a method of measur- 
ing the coefficient of friction between tool and 
chip. : 
Most of the evidence on the conditions 
existing at the tip of a cutting tool during 
operation must be obtained by indirect methods 
since the actual friction surfaces are generally 
inaccessible to observation as long as cutting 
continues. It is possible to measure the tem- 
perature at the friction surface, however, by 
using the tool and workpiece as a thermo- 
couple. In this way temperatures of 800 deg. 
Cent. (1470 deg. Fah.) or over have been 
recorded in many cases. Schlesinger (1946) 
has provided a summary of this evidence. As 
shown later, however, temperatures measured 
by this method may be misleading. 

The measurement of the coefficient of friction 
between the tool and work is shown to bear 
little relation to the coefficient of friction as 
usually conceived. The measured coefficient 
of friction is often over unity (Merchant 1944). 

Dawihl (1940¢ and b, and 1941) and others in 
Germany examined the wear on carbide tools, 
particularly in connection with the problem of 
cratering and the formation of a built-up edge 
on the eutting edge of these tools. Experi- 
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ments were carried out showing that clean 
carbide and steel surfaces would ‘ weld’’ 
together if heated in a reducing atmosphere at 
temperatures of 650 deg. to 900 deg. Cent. 
(1200 deg. to 1650 deg. Fah.). The conclusion 
reached was that the cratering type of wear 
was caused by the welding of the chip to the 
carbide followed by an intermittent tearing 
away of carbide fragments as the chip left the 
tool. Photo-micrographs were published show- 
ing steel smears adhering to the worn tool 
surface, but these were at too low a magnifica- 
tion to provide direct evidence of the correct- 
ness of this theory. Dawihl has discussed the 
importance of the temperature of the tool tip 
and the influence on this temperature of the 
thermal conductivity of the tool material. 

A deduction concerning the conditions at 
the friction surface can be made from other 
work of Ernst and Merchant. It was shown 
(Ernst, 1938) that at very low cutting speeds 
the coefficient of friction and type of chip 
formed were greatly influenced by the presence 
of such lubricants as would provide an easily 
sheared surface film between the tool and work. 
At higher surface speeds (particularly over 50ft 
or 100ft per minute) lubricants were shown 
to have very little effect on the coefficient of 
friction (Ernst and Merchant, 1941). The 
conclusion to be drawn is that, at high surface 
speeds, the lubricant has no time to penetrate 
between the tool and the work. Hence the 
metal surface is extremely clean, and therefore 
in a very active state chemically. 


PossiBLE WEAR PROCESSES 

Wear is any process by which material is 
removed from one or both of two surfaces 
moving in contact with one another. It can 
occur by several fundamentally different pro- 
cesses, the following being some of those which 
should be considered in connection with the 
wear of cutting tools :— 

(a) Wear can be caused by the shearing or 
breaking off of irregularities on the surfaces 
due to mechanical forces. Fragments can be 
broken off the cutting edge of tools by purely 
mechanical forces. Very hard inclusions in 
the metal, such as aluminium oxide, may 
protrude from the chip or work surface and 
plough grooves in the tool surface. 

(6) Wear due to mechanical and chemical 
forces can occur if the two surfaces are welded 
together by chemical action under the influence 
of frictional heat, and are then torn apart, when 
fragments are likely to be torn from both 
surfaces. This is the process which Dawihl 
considers is responsible for the cratering type 
of wear on tools. Such a process, however, 
usually leads to extremely rapid wear and the 
production of very rough surfaces. 

(c) Wear due to chemical and mechanical 
forces can occur if the surfaces, heated by 
friction, are also subjected to chemical attack 
by an external agent. For example, if the 
surface is heated and oxidised in air, the oxide 
is often easily removed by mechanical action 
and a fresh surface exposed to oxidation. It 
has been suggested that this process plays an 
important part in wear of tool tips. However, 
the evidence that air does not have access to the 
cutting surfaces during high-speed cutting 
suggests that the process is not important in 
tool wear. 

(d) A process which can be regarded mainly 
as ‘‘ chemical wear ’’ may occur if the tempera- 
ture of the friction surface reaches the melting 
point of either the tool or the work or of any 
alloy between the two. Particularly in the 
alloy case, the surface may be regarded as being 
dissolved away by chemical reaction and 
diffusion. This process probably plays a 
large part in the cratering type of wear. 


EXPERIMENTAL EVIDENCE OF Fusion DvuRING 
FRICTION 


Evidence has been obtained that, during 
friction at high speeds, a fused alloy can be 
formed between the tungsten carbide and steel, 
the melting point of the alloy being not higher 
than 1300 deg. Cent., which is much lower 


than that of tungsten carbide and nearly 200° 


deg. Cent. (360 deg. Fah.) lower than that of 
many steels. Thus, a fused alloy layer can exist 
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between solid surfaces of tungsten carbide and 
steel if the frictional conditions are sufficiently 
severe. 

Further evidence of fusion during friction 
came from examination of a bearing which 
had seized when running at a surface speed of 
4250ft per minute. The bearing consisted of an 
outer sleeve of a cemented carbide containing 
tungsten carbide, titanium carbide, and cobalt 
running against a steel inner part. The carbide 
sleeve was considerably broken up during 
seizure and when the bearing was dismantled 
two bands of carbide fragments were found 
welded to the steel surface. The action of the 
steel on the carbide during seizure was not one 
of mechanical grinding, but of selective 
chemical attack by the steel on the tungsten 
carbide grains in the carbide under the influence 
of the high local temperatures generated by 
friction. 


ALLOYING BETWEEN CEMENTED CARBIDE AND 
STEEL 


In view of the examples which had been 
found in which fusion occurred during friction, 
experiments were carried out to determine the 
temperatures at which carbides react with stee! 
to give a molten phase. 

Cemented carbide test pieces, ground and 
lapped on one surface, were placed on ground 
steel surfaces and heated in a vacuum to tem- 
peratures from 1250 deg. to 1350 deg. Cent. 
(2280 deg. to 2460 deg. Fah.) for ten minutes 
and allowed to cool in the furnace. Three 
different commercial grades of cemented carbide 
were used, whose structures contained the 


following constituents :— 

(1) Tungsten carbide and cobalt. 

(2) Tungsten carbide,  titanium-tungsten 
carbide and cobalt. 


(3) Titanium-tungsten carbide and cobalt. 

When carbide (1) was heated on steel, the 
carbide stuck slightly to the steel, but there 
was little reaction at the interface when the 
temperature was below 1300 deg. Cent. At 
1325 deg. Cent. the reaction was extremely 
rapid. The tungsten carbide reacted with the 
steel to form a molten phase which was absorbed 
into the cemented carbide test piece. The 
test piece was swollen and sank deeply into the 
steel. 

Cemented carbide (2) was attacked by the 
steel very slowly at temperatures below 
1300 deg. Cent. and much more rapidly at 
1325 deg. Cent. and over. Micro-sections 
through the interface showed that, at the 
higher temperatures, the tungsten carbide 
grains had reacted with the steel and were 
** dissolved out ” of the test piece to a depth of 
0-0lmm to 0-02mm, leaving the titanium- 
tungsten carbide grains intact. 

Cemented carbide (3), in which no free 
tungsten carbide was present in the structure, 
was attacked only very slightly by the steel 
even at 1350 deg. Cent. 

These experiments show that the temperature 
at which rapid reaction between tungsten 
carbide and steel occurs, with the formation 
of a molten phase, lies between 1300 deg. and 
1325 deg. Cent., while titanium-tungsten 
carbide is practically unattacked by steel up 
to 1350 deg. Cent. and probably higher. In 
the presence of both constituents, tungsten 
carbide is dissolved away by the steel at tem- 
peratures over 1300 deg. Cent., leaving the 
titanium-tungsten carbide grains intact. 


THEORY OF CRATERING WEAR ON CARBIDE 
TooLs 


These experiments suggested an explanation 
of the extremely rapid cratering of the top 
surface of cemented carbide tools of the 
tungsten-carbide-cobalt type when used for 
cutting steels at high speeds. The explanation 
is that the cratering is caused by the formation 
of an extremely thin fused layer between the 
chip and tool surfaces, this layer consisting of 
an alloy of tungsten carbide with the steel, 
which melts at a temperature of about 1300 deg. 
Cent. The superior performance (in respect of 
cratering) of tools containing a small percentage 
of titanium carbide could be attributed to the 
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much higher resistance of the titanium-tungsten 
carbide to chemical attack by steel at high 
temperatures. 

This theory accounts satisfactorily for several 
facts. It explains not only why titanium carbide 
increases resistance to cratering in steel cutting, 
but also why tungsten-carbide-cobalt alloys 
give satisfactory performance when cutting 
non-ferrous metals. With most commercial 
metals such as brass, bronze, aluminium, and 
so on, no alloys which melt at a temperature 
appreciably below the melting point of the 
metal are formed between tungsten carbide 
and the metal, and the rate of attack by these 
metals on tungsten carbide at their melting 
points is very slight. The temperature at the 
friction surfgce cannot exceed the melting 
point of the metal being cut. The satisfactory 
use of tungsten-carbide-cobalt alloys for 
machining cast iron can be explained by the 
fact that the melting point of most cast irons is 
well below 1300 deg. Cent. Also, the crumbling 
of cast iron chips reduces the frictional forces 
between the chips and tool. 

The theory explains why tools with titanium 
carbide, while they have superior resistance to 
the cratering type of wear when cutting steel, 
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are no better than tungsten-carbide-cobalt alloys 
when rubbing against a free steel surface in the 
presence of air. Experiments carried out in the 
laboratory, in which both types of cemented 
carbide were pressed against the cylindrical 
surface of a rotating steel disc, showed no con- 
sistent difference in rates of wear. This is 
because the type of wear involving fusion 
depends on the friction of metal surfaces which 
are free from oxide or other surface films. 

The most important objection to the theory is 
that it is questionable whether temperatures as 
high as 1300 deg. Cent. can be generated at the 
friction surface. With the bearing described 
previously such temperatures were undoubtedly 
reached for a short period, but the surface 
speeds in metal cutting are normally much 
lower than that at which the bearing failed 
(4250ft per minute). Since the chip surface, 
when cutting at speeds over 100ft per minute, is 
extremely clean chemically it seems probable 
that such temperatures can be generated owing 
to the very high coefficient of friction known to 
exist between clean metal surfaces. Any fused 
layer formed is likely to be very thin, especially 
at low surface speeds, possibly only a small 
number of atoms in thickness. 


Metal Economics 


No. I1i—(Continued from page 558, November 2nd) 


E reproduce below the paper on “ The 

Scope for Conservation of Metals, Ferrous 
and Non-Ferrous, by Messrs. C. A. Bristow, 
A. J. Sidery and H. Sutton, read in London on 
October 17th, during the general discussion on 
“* Metal Economics,”’ organised by the Institute 
of Metals. 





In ‘his presidential address to this Institute, 
Professor Murphy referred to the basic influences 
which are giving rise to shortages of metals and 
mentioned, fittingly, the increasing population 
of the world and the worldwide demand for 
higher standards of living. There is a tacit 
assumption, writes G. C. L. Bertram, that 
because man reproduces so much more slowly 
than domestic animals, man’s numbers cannot 
increase rapidly. In the United Kingdom the 
population has increased about eightfold in the 
last 300 years and fourfold in the nineteenth 
century alone. Replacement rates here and 
in some of the other North-West European 
countries have, however, already fallen to near 
unity. Inthe less advanced countries the peoples 
are on the brink of their main expansion and 
demographers predict a 50 per cent increase of 
world population by the end of the century to 
something near 3000 million. The world’s 
population is increasing at a greater rate than 
ever before and many major problems result. 

Of the very serious food problem, Sir John 
Boyd Orr said: ‘‘ The whole human race is 
rumbling on to destruction. There is only a 
fifty-fifty chance of getting over this food 
problem.” Things of the animal and vegetable 
kingdoms are, in general, renewable or replace- 
able, but mineral resources are wasting, irre- 
placeable assets. Scientists and industrialists 
agree on the need to maintain an ample supply 
of minerals and metals if present forms of 
civilisation are to be maintained or further 
progress achieved. H. L. Keenleyside has 
stated that “‘ The implications raise a problem 
so vast and of such universal incidence that in 
a sane world they would be made the immediate 
subject of common study and co-operative 
planning. Unfortunately, the society in which 
we live is, as yet, very far from having 
reached that degree of sanity.” 

The doubling of the earth’s population in the 
last four generations has been accompanied by 
an almost fantastic series of inventions leading 
to developments of worldwide consequence 
which some have described as the ‘‘ Second 
Industrial Revolution.” Fairfield Osborne has 
rightly pointed out that the consequence of this 
has been that the drain upon the earth’s 
resources has increased, “‘not upon an arith- 
metical scale related to population growth, but 
upon a geometrical scale related to greater 


numbers of people demanding a greater variety 
of products from an infinitely more complex 
industrial system.”” This demand is still on the 
increase. 


THE GENERAL SITUATION 


Among the many things employed by modern 
civilisation that are placing burdens on our 
metal resources are transportation by land, sea 
and air; supplies and distribution of water, 
gas and electricity, refrigeration and cold 
storage, drainage, radio and television, in 
addition to defence. Wars are specially 
wasteful and have seriously aggravated the 
permanent depletion of our metai resources, in 
addition to wreaking moral and social havoc. 

Education brings with it an ever-increasing 
demand for improvements in standards of 
living. Edward Sampson, referring to the con- 
sumption of pig iron per head in U.S.A. (790 Ib 
per head in U.S.A. in 1945, and 47 Ib for rest of 
the world), cautioned us against envisaging 
supplies for the whole world even remotely 
approaching those of the present highly indus- 
trialised countries. For supplies in the rest of 
the world at half the rate in the United States, 
Keenleyside points out that the annual need 
would be 10-9 million tons of copper, 8-7 
million tons of aluminium, 8-3 million tons of 
lead, and 6-8 million tons of zinc; that the 
population of the world will not remain static, 
and that there is no indication that people of 
particular nations will be content with a rate 
of consumption, per head, half that of other 
nations. 

Those connected in any way with metals 
have therefore a task of ever-increasing import- 
ance to ensure that metals are won, handled, 
used and re-used with due regard to the fact 
that the future peace, well-being and comfort 
of the world’s peoples is directly dependent 
upon the efficient use and conservation of our 
metals. The term “‘ precious metals ’’ has been 
used for many years to describe some of the 
more expensive ones, but we are coming to 
regard all our industrial metals as “* precious.” 
They are also “‘ strategic.” 


EconomicaL UsE or METALS AND ALLOYS 


Metal economy can usefully start in the 
design stage. Sometimes the production engi- 
neer and the materials expert apply their 
knowledge and skill in changing the production 
techniques of a particular article or product 
for better metal efficiency after a poor start has 
been made at the design stage. Such cases 
restrict the scope for full exercise of skill and 
ingenuity, and it is better to bring in the pro- 
duction engineer and the materials specialist 
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at the design stage. Manufacturers of engin. 
eering materials are themselves paying incregs. 
ing attention to the requirements and interes, 
of the users of their products. It is good to hay 
in the design and development stages of any 
particular job the collaboration of the fo 

or works which is to make the semi -‘inished 
forms. The practice followed by desi: ners of 
castings and forgings for use in aircrft ang 
aero-engines, of marking on drawings those 
areas and directions in which it is importay 
that particular mechanical properties -hall py 
obtained, has proved most helpful from many 
points of view. 

It is specially important that each particulg 
produét be considered critically in such Ways ag 
the following :— 

(a) Can the required performance be 0 \)taineg 
with the use of materials that are less difiicult to 
obtain ? 

(0) Does the design include anywhere tateria} 
which could be economically excluded as being 
in excess of what is really required ? 

(c) Can a less wasteful method of production 
be employed, without or with practicable 
modifications of design ? 

(d) If good protection against corrosion or 
better resistance to creep were reasonably 
practicable, could less‘metal be used to produce 
a satisfactory or superior article ? 

It appears to the authors that there is 4 
number of fields of metallurgical work in which 
there is great scope for improved metal economy 
after the extraction stage. 


THE Forwarp VIEW 


Few, indeed, are the industrial metals for 
which there is encouragement to hope for 
greatly or rapidly increased rates of world pro- 
duction. Of the elements present in sub. 
stantial amount in the earth’s crust; silicon has 
hitherto defied the attempts which have been 
made to make it ductile. Ductile, workable 
silicon or silicon-rich alloys might do much to 
relieve present and prospective demands for 
industrial metals and alloys. 

‘Aluminium is nearly a thousand times as 
abundant as copper in the earth’s crust and is 
one of the metals likely in future years to be 
called upon to serve mankind to a much greater 
extent than at present. The qualities of ore 
deposits in relation to extraction and the 
relative locations of ore deposits and electric 
power supplies have been important factors in 
the history of the large-scale manufacture of 
aluminium, and are likely to remain so. 

Magnesium is nearly 250 times as abundant 
as copper, and the raw material which is the 
main source of the metal in the U.S.A. and the 
United Kingdom, namely, sea water, is not yet 
in short supply! Sea water contains about 
1272mg of magnesium per kilogramme, and Teed 
mentions that a cubic mile of ocean water con- 
tains about 5,400,000 tons of magnesium. 
Present world production is on a much smaller 
scale than for aluminium, but magnesium could 
be manufactured in much greater amounts than 
at present. Modern magnesium alloys have 
working properties, mechanical properties and 
durability such as to make them capable of 
much more extensive use in general engineering 
and many other applications. Alloys of high 
resistance to corrosion are now available in 
cast and wrought forms. 

Titanium is about sixty-five times as abund- 
ant as copper in the earth’s crust. Its oxide is 
an article of commerce, the amount now pro- 
duced per day in the U.S.A. in the pigment 
industry being equivalent to 300 tons of 
metallic titanium content. The metal itself 
possesses very good corrosion resistance and 
general mechanical properties. Titanium alloys 
of various types are known which possess good 
corrosion resistance and general mechanical 
properties comparable with those of high- 
tensile steels. The low density (4:5-4-6) of 
these materials, coupled with their general 
properties, claims for them a considerable 
future as materials of construction. Pro- 
duction of titanium is at present on a small 
scale, but is being advanced rapidly in the 
U.S.A. Important research and development 
work is in progress in the U.S.A., the United 
Kingdom and other countries. 
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LLOWING upon collaboration between 

John I. Thornycroft and Co., Ltd., the Rover 
dompany, and the Self Changing Gear Com- 

y, Lt d., the Thornycroft Rover ‘‘ Meteorite ”’ 
marine unit has been evolved to satisfy the 

ification for a marine diesel unit combining 
high performance with a low power weight 
tio. ‘The ‘ Meteorite’? engine has been 
developed from the ‘ Meteor,” which was 
extensively used to power tanks during the 
war and which was based upon the Rolls-Royce 
“Merlin” aero-engine. The Rover Company’s 
engine has been modified by Thornycroft 
to meet marine requirements, and a gearbox 
specially built by the Self Changing Gear 
Company, Ltd., for the shipbuilders has 
peen added In its present form, shown in our 
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275 B.H.P. Marine Diesel Engine 


heads, skirts and camshaft housings are all 
of aluminium alloy. Detachable wet liners, 
with exteriors nickel-plated to prevent corrosion 
and the bores chromium-plated to give long 
life, are fitted to the cylinder skirts, The 
cylinder heads, which incorporate the Ricardo 
swirl chamber combustion system, have Sili- 
chrome steel inlet valve seats and austenitic 
steel exhaust valve seats. Each cylinder 
houses ope Brightray seated, sodium-filled 
exhaust valve and twin inlet valves. All the 
valves are Stellite tipped and operated from a 
single overhead camshaft, on each bank, by 
roller cam followers. ; 
Low-expansion aluminium alloy pistons with 
form ground skirts are supplied, and each are 
fitted with three compression and three scraper 
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photograph, the unit is very compact, having 
overall dimensions of: length, 7ft 6in; width, 
3ft; height, 4ft ljin, and has a dry weight of 
3000 lb. The maximum output is 275 b.h.p. 
at 2300 r.p.m. with a continuous output of 
215 b.h.p. at 2100 r.p.m., and the weight per 
horsepower is 11 Ib. ‘The engine performance 
curves, shown herewith, are plotted to a base 
of revolutions per minute to give brake horse- 
power and fuel consumption in gallons per hour 
and in pounds per brake horsepower per hour. 
At the invitation cf John I. Thornycroft 
and Co., Ltd., we were able to inspect the engine, 
which has been installed in a passenger and 
general service launch, and to witness a trial 
run. The launch, illustrated below, has 
a length of 50ft by 11ft 6in begm, a mean 
draught of 3ft 3in, is of round bilge form, and 
built with a double diagonal mahogany skin 
on elm timbers, and is copper sheathed up to 
4in above the water line. Oak has been used 
for the stem and keel, while the decks, steering 
shelter and passengers’ cabin are of mahogany. 
Designed for rapid transport on lake or river, 
the launch has a | passenger cabin forward 
from which a door to starboard leads aft to 


the open machinery space covered by a cabin ° 


roof. Further aft there is a cockpit and a 
deck strengthened to carry equipment or other 
gear. 


ENGINE PARTICULARS 


_The engine, of which a cross section was 
given in THE ENGINeER of May 19, 1950, has 
eight cylinders of 5-4in bore by 6in stroke, 
arranged in two banks in vee form set at an 
included angle of 60 deg. An aluminium alloy 
casting forms the crankcase, which is reinforced 
by transverse bolts passing through the main 
bearing caps and crankease walls. The cylinder 


rings. The fork and blade pattern connecting- 
rods are steel forgings machined all over and 
shot peened to increase resistance to fatigue. 
Four bolts secure the forked rod to a bearing 
block, while the blade rod runs on the outside. 
The big-end bearings have lead-bronze-lined 
shells and the small ends have floating bronze 
bushes. A single-piece steel forging has nitrided 
wearing surfaces and forms the crankshaft, 
which is carried in five steel- backed lead- bronze 
bearings, machined all over. Integral balance 
weights are incorporated and a vibration 
damper of Lanchester pattern is fitted at the 
forward end. 

Fuel is delivered by two mechanically 
operated diaphragm pumps, mounted at the 
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forward end of the engine, through one of two 
duplex main filters and a master filter to the 
injection pump mounted between the cylinder 
banks. The fuel injectors are fitted with 
“delay” pattern pintle nozzles operating at 
125 atmospheres, and the fuel leak off from the 
injection pump and injectors is piped to a small 
tank and then pumped to the main tank. A 
permanent vent for the fuel system is provided 
by the pipe which drains from the injection 
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pump suction chamber, and the fuel lines are 
primed and vented by a hand-operated priming 
pump. Dry sump lubrication has been adopted 
and a pump mounted forward to port delivers 
oil through twin full-flow filters to the relief 
valve on the port side of the crankcase. High- 
pressure oil is fed to the main bearings and big 
ends, low-pressure oil feeds the valve gear and 
gear train, while the pistons and small ends are 
splash lubricated. A duplex scavenge pump 
mounted forward to starboard returns the oil 
from the sump through a thermostat and oil 
cooler to the service tank. 

A closed circuit of fresh water is used for 
cooling purposes, the water being circulated 
by a centrifugal pump which delivers the 
water from the heat exchanger to the cylinder 
jackets and heads, from where it flows via a 
thermostat back to the heat exchanger. 
Separate leads from the cylinder jackets feed 
the exhaust manifold jackets. Sea water cooling 
for the heat exchanger is delivered by large 
capacity, slow-speed gear pump, part of the 
water going direct to the exchanger and part 
passing through the gearbox oil cooler. : 

The oil-operated ahead clutch and reverse 
gear unit, shown in the drawing overleaf, 
is spigot mounted on the engine and has its 
own oil sump, oil pumps, oil filter and cooler, 
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Two pumps are fitted, each of which can build 
up the oil pressure to take full load, but with 
only one in use the clutch take up is slow. The 
ahead drive is through a multi-plate clutch 
having a generous surface area, and the astern 
drive is by means of a cone clutch which brings 
into operation an epicyclic gear train. There 
is, in addition, an automatic neutral clutch 
which ensures a stationary propeller when 
neutral is engaged. The power capacity of 
the gearbox is 3250 Ib-ft at 3000 r.p.m. through 
the ahead drive, and 1000 lb-ft at 1500 r.p.m. 
when going astern. The maximum torque 
of the engine is 790 lb-ft at 1300 r.p.m., so that 
the gearbox has an ample factor of safety, and 
tests have shown that wear will be practically 
negligible. A gearbox efficiency of 99-8 per 
cent has been measured when driving ahead, 
while the corresponding value for astern working 
was 86 per cent. 

Electric starting is provided, two 24V axial 
motors being mounted on the gear casing, 
together with a 24V, 830W dynamo. Single 
lever control is arranged from the steering posi- 
tion, the mechanism incorporating an oil relay 
and an oil servo. The lever operates both the 
engine throttle and the control valve for the 
reverse gear and serves to protect both engine 
and gearbox from abuse by unskilled handling, 
as the throttle will not open until either the 
ahead or astern clutch is fully engaged. During 
the change from ahead to astern, or vice versa, 
the engine is reduced to idling speed until the 
clutches are engaged, and this reduces wear 
on the gearbox components and acts as a 
safeguard against shock loads resulting from 
changes in direction. Another safeguard is the 
provision of an electrical cut-out at the fuel 
valve, the electrical circuit being broken until 
the fuel valve is open. 

The engine incorporates a Lanchester pattern 
vibration damper, and is mounted on the 
bearers by means of six Silentbloc mountings, 
while the header unit is bolted direct to the 
bearers, and so is not directly subjected to 
engine vibration, although the arrangements are 
such that the engine and heat exchanger can 
be lifted as one unit. 

During the trial run the engine revolutions 
were kept at about 1900 r.p.m., and the tem- 
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perature of the cooling water was 48 deg. Cent. 
at the inlet and 60 deg. Cent. at the outlet. 
The temperature of the lubricating oil was 
noted at 58 deg. Cent., while the pressures 
recorded on the gauges were 50 lb per square 
inch at the main bearings, 9 Ib per square inch 
at the camshaft and gear train, and 95 lb per 
square inch at the gearbox. 





Launch of S.S. “ Velletia” 


On Wednesday of last week the oil tanker 
“* Velletia ’’ was launched from the Wallsend 
yard of Swan, Hunter and Wigham Richardson, 
Ltd., and was named by Mrs. Frank Hopwood, 
the wife of the managing director of the Anglo- 
Saxon Petroleum Company, Ltd. The principal 
dimensions of the ship are: length between 
perpendiculars, 610ft; breadth moulded, 
80ft 6in; depth moulded 45ft; deadweight, 
28,000 tons on 34ft draught. There are thirty- 
three cargo oil tanks with a capacity of 26,000 
tons at 50 cubic feet per,ton, and two pump 
rooms, each equipped with two compound 
Duplex steam pumps. A single set of triple- 
expansion, double-reduction geared turbines, 
built by Wallsend Slipway and Engineering 
Company, Ltd., drive the. vessel at a fully 
loaded service speed of 15 knots. The machinery 
develops 13,000 s.h.p. at about 106 r.p.m. of 
the propeller, and takes steam at 500 Ib per 
square inch, and at a total temperature of 750 
deg. Fah., the steam being supplied by three 
Babeock and Wilcox single-pass marine boilers. 

When ready for service the “ Velletia’’ 
will complete the fleet of ‘‘ V ”’ class ships which 
will be used mainly for carrying crude oil 
from the Middle East to the Shell Company’s 
new refineries at Stanlow and Shell Haven. 
The “ Velletia’’ was built in the same berth 
as the “ Velutina,” which was launched in 
April of last year by H.R. H. Princess Margaret 
and was described in Taz ENGINEER on August 
25, 1950. 

Speaking after the launch, Mr. J. W. Platt, 
a managing director of the Royal Dutch Shell 
group of companies, said that the demand for 
oil would increase by at least one-third over the 
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next five years, and that, to meet this demand, 
the oil companies would need additional 
capital amounting to £1,200,000,000, includ- 
ing £650,000,000 for refinery equipment, 
£300,000,000 for oil tankers, and £300,000,000 
for distribution facilities. Great Britain's 
share, about 40 per cent, would have to be 
financed out of current funds because of the 
effect of heavy taxation and inadequate depre- 
ciation allowances. Continuing, he affirmed 
that the expansion programms must be met 
or there would be a shortage of power, and 
unless Britain undertook her full share the 
country would lose earnings which played an 
essential part in maintaining the balance of 


payments. 





Codes of Practice 


The Codes of Practice crane ‘or Civil Engineering, 
Public Works and Building and Conatructional Work is 
under the aegis of the Ministry of Works. Codes are 
issued on behalf o; poten nal feo lowe <r palmmaae 
Institution, 24-28, Victoria Street, London, S.W.1 


ARC WELDED CONSTRUCTION 


Sub-Code 113.102. The Council for Codes of 
Practice has now issued in final form this code. 
It is intended at some future date to amalgamate 
this sub-code with the Head Code 113, ‘* The Struc- 
tural Use of Steel in Buildings” ; the present docu- 
ment has, however, been arranged to be as far as 
possible complete in itself. The code gives recom- 
mendations for the design, fabrication and erection 
of metal are welded structural steelwork used in 
any part of a building (excluding the welding of 
steel tubes, which will be dealt with in Sub-Code 
113.201, in p ration). It includes recommenda- 
tions for rhage sav. of welded joints and also for 
the design of connections, plate girders, compres- 
sion members and staunchion bases embodying 
arc welded construction, Tables give details of 
throat thickness of fillet welds with reference to 
the angle be.:ween fusion faces, size of single-run 
fillet welds and thickness of the flange of a plate 
girder. Points of special interest include some 
recommendations for the qualifications and testing 
of welding operators and 6 les of “ virtually 
flexible ” welded joints. The code carries the usual 
warning that, in the present abnormal conditions, 
it may not be practicable to carry out all the 
recommendations. Price 4s., post free. 
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The Work of The Electrical Research 


Association 


N exhibition showing the work of the 

British Electrical and Allied Industries 
Research Association (E.R.A.) was presented 
at the Agsociation’s Perivale Laboratory on 
Open Days, October 10th, llth, 12th. Our 
visit to the exhibition recalled the fact that the 
only previous open day was on October 22, 
1935, when H.R.H. the late Duke of Kent, 
inaugurated the Perivale Laboratory. Much 
has happened in the years between and the 
recent occasion must have reminded E.R.A. 
members and other visitors to the exhibition 
of the Association’s solid achievements in spite 
of the frustration experienced through shortage 
of accommodation. As long ago as 1938 an 
ambitious scheme was well under way for a 
three-storey building, which would more than 
double the laboratory working space. This 
venture was interrupted in the first year of the 
war, when construction ceased after no more 
than the first half of the building had been 


completed. However, as the war went on, 
the E.R.A. activities grew correspondingly 
and the only means of physical expansion was 
by installing prefabricated single-storey build- 
ings. This process went on until now the 
1} acre site allows scope for a further increase 
of only about 10 per cent, without drastic 
redevelopment of the whole site. 

Because of space limitations at Perivale 
the exhibition consisted of merely a represen- 
tative sample of the E.R.A.’s activities. Never- 
theless, it included examples not only of past 
and present work at Perivale but of researches 
carried out at other establishments and extra- 
murally. In passing we may mention that the 
total effort of the E.R.A. can be gauged roughly 
by the fact that it has spent nearly £2,000,000 
on research and other services for its members 
since 1935. Its annual income, then, was 
£66,000 ; in 1950 it was £216,000. 

The research activities of the E.R.A. are 


fully dealt with in the Association’s annual 





EXPERIMENTAL AXIAL AIR-BLAST CIRCUIT BREAKER 


report, which is normally published early in 
the new year and is briefly reviewed in these 
columns. Detailed reports of the many pieces 
of individual research are published or circu- 
lated to members of the Association from time 
to time and the published reports are mentioned 


periodically in Taz ENcrnzER. In the present 


article, however, the space available allows us 
to make but a brief reference to certain aspects 
of an exhibition which ranged over the follow- 
ing subjects: materials in general, magnetic 
materials, insulating materials and power 
plant materials in particular; electrical dis- 
charges in gases, switch and control gear, 
transmission and utilisation, surges and trans- 
formers, rural electrification and wind-power, 
meter bearings, space and water heating, 
ignition research, the welding arc and electricity 
supply technology. 

Visitors to the exhibition also learnt some- 
thing of the ancillary services provided by the 
‘ information bureau and 
library, which takes 
about 300 different 
British and _ foreign 
journals (including 
American, Czechoslov- 
akian, Danish, Dutch, 
French, German, Ital- 
ian, Russian, Ruman- 
ian, Spanish and 
Swedish). Abstracts 
from these journals, 
covering the whole 
of the electrical 
industry, are issued 


(30-35 abstracts weekly) to members at a 
nominal charge. Some seventy-five translations 
from foreign journals are made annually at the 
request of the E.R.A. members and staff. 

Many of the apparently diverse investigations 
carried out by the E.R.A. have much in common 
—for example, the switchgear arc, the welding 
are, the ignition spark and the explosive spark. 
In practice, therefore, the work is closely co- 
ordinated, so that all the implications of any 
discovery in the theory of the gaseous discharge 
can be assessed and applied, perhaps in more 
than one field. 


SwITCHGEAR 


Switchgear research was one of the earliest 
of E.R.A. activities and is still one of the more 
important. From the first the work was con- 
ceived on an engineering basis with the aim 
of improving and developing equipment through 
acquiring a better understanding of the prin- 
ciples of switching. During the course of the 
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work several new are rupturing devices have 
been devised and two of them—the air-blast 
circuit breaker with a short, fully scoured 
air gap and the oil-filled side-blast baffle pot— 
have formed the basis of most of the modern 
switchgear developments in this country. 
Circuit breakers fitted with are control devices 
licenced under E.R.A. patents and now in 
commercial use have an aggregate rupturing 
capacity of 14 thousand million kVA. 

To prepare the way for meeting future 
requirements involving circuit breakers of 
steadily increasing rupturing capacity calls for 
fundamental as well as engineering studies. 
For example, some important kinds of modern 
circuit breaker are specially sensitive to the 
rate of rise of restriking voltage. A survey 
of this quantity, measured at all circuit breaker 
sites on the British Electricity Authority’s 
66kV network, has been completed .and is 
now being extended to include higher and 
lower voltage systems. At the same time the 
de-ionisation of arc gaps under a variety of 
system conditions is the subject of continuous 
study at Perivale. 

Work is also being done on the aerodynamics 
of air flow in contact nozzles of air-blast circuit 
breakers during arcing. An important aim 
in work on these circuit breakers is to find 
means of acquiring information, particularly 
statistical data, as rapidly as possible. A 
method has therefore been devised for using, 
in place of the 10MW machine test circuit, a 
“substitute ” test circuit, which in its present 
form has reduced the time interval between 
tests to one-fifteenth of its previous value. 

One of our illustrations shows the heavy- 
duty experimental air-blast circuit . breaker, 
insulated for 66kV, which has been designed and 
made by the E.R.A., specially for research work. 
It has ample gas storage at pressures up to 500 Ib 
per square inch and its mechanical] operation is 
repeatable to unusually fine limits, under 
various test conditions, and it can be adapted 





HIGH SPEED SINGLE-SWEEP CATHODE RAY OSCILLOGRAPH 


to a wide range of vent throat values up to 3in 
in diameter. 

For recording operating air pressures in 
air-blast circuit breakers, the E.R.A. has 
developed an N-curve pressure recorder, in 
which pressure is measured by the deformation 
of a diaphragm that forms one plate of a capa- 
citor in a capacitor head. Since the capacitor 
is in a resonant circuit changes in capacitance 
alter the impedarce of the circuit near its 
resonant point. By using one of a range of 
diaphragms various pressure ranges can be 
covered and pressure pulsations can be recorded 
at frequencies limited only by the mechanical 
characteristics of the head. 

An interesting investigation concerns the 
study, throughout the arcing period, of the 
physical make-up of the arc in the top gap of 
an experimental axial blast circuit breaker 
having a rupturing capacity of 1100A (r.m.s.) 
at 6-6kV (r.m.s.). For this purpose use is 
made of a rotating drum camera 16cm in dia- 
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meter and an optical system with a slit aper- 
ture 0-25mm wide. With this apparatus 
sudden changes in arc form are to be observed 
as the air reservoir pressure exceeds the value 
needed to produce the velocity of sound in the 
throat of the circuit breaker. 

In making oscillographic records of currents 
and voltages in an electrical system under 
fault conditions, the events cannot normally 
be detected in time to start a mechanical 
recorder. Accordingly, a continuously running 
device must be used, for example, by making a 
magnetic recording round the periphery of a 
rotating steel cylinder. On this principle the 
E.R.A. has developed a machine known as the 
** recollectograph,”’ which can store recordings 
of current and voltage waves (occurring during 
faults on a power system) before they can be 
detected by the usual protective relays asso- 
ciated with substation or power station switch- 
gear. The instrument has seventy-two record- 
ing tracks on the rotating cylinder and it can 
make simultaneous records of twelve sets of 
current or voltage waves. After recording a 
fault the cylinder moves a short distance 
along its axis and thereby makes ready a 
fresh set of twelve recording tracks. This 
process can be repeated six times. To study 
the records the machine is switched to play- 
back when the recordings are reproduced, six 
at a time, as stationary traces on the screen 
of a cathode-ray tube. 

An interesting development in the fuse 
laboratory is that of a bridge connected fuse, 
which consists of an element made up of two 
dissim‘lar metals set up as a bridge with oppo- 
site arms of the same metal. With this arrange- 
ment an over-current causes two of tlie arms 
to melt first, leaving the two remaining arms 
in series with the bridge, which, since it nor- 
mally carries a small current, can be of small 
enough cross section to give rise to multiple 
arcing with the minimum fusing current of the 
fuse. This property gives improved perfor- 
mance with small over-currents as well as 
with larger currents, when the bulk of the 
inductive energy can be dissipated in two arcs 
in series before final interruption by the 


bridge. 
TRANSMISSION 


One of the newer activities of the trans- 
mission and utilisation department is that con- 
cerned with high-voltage d.c. transmission. 
For more than two years problems of control, 
stability and protection on high-voltage d.c. 
systems have been studied on a model system 
scaled down to 2V by 600V, 600A. The 
model, which was described and illustrated 
in our issue of June 23rd, 1950, is capable of 
representing up to 600 miles of cable and 1050 
miles of overhead line, including details of 
contro] and protective circuits. 

On the subject of surges the work of the 
E.R.A. is mainly concerned with problems 
associated with lightning—its nature, its effect 
on electrical plant and the performance of 
various protective devices designed to limit the 
damage it can cause. 

Studies of the incidence of switching surges 
are made with the help of an automatic surge 
recorder, which is mounted in a trailer so that 
it can be installed for long periods at various 
selected points in the electricity supply system. 
Some hundreds of records have been obtained 
with the equipment at a number of sites mainly 
132kV substations. The apparatus consists 
essentially of an automatic three-phase cathode- 
ray oscillograph designed to record all surge 
voltages above a predetermined severity on 
systems up to 132kV. The oscillograph is a 
three-unit sealed-off tube assembly with an 
accelerating voltage of 4kV. For its main 
function of recording switching surges, the 
oscillograph is fitted with a drum-type camera 
driven at speeds corresponding to 3 to 8 cycles 
per revolution. 

For simulating the effects of lightning surges 
on all kinds of plant the E.R.A. makes extensive 
use of a high-voltage surge generator, designed 
primarily for field work. It has twelve stages 
to give a maximum open circuit voltage of 
1300kV, with a capacitance of 0-OluF. For 
use with this surge generator the E.R.A. 
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designed and built a high-speed single-sweep 
cathode-ray oscillograph, which is illustrated on 
page 603. The instrument embodies a sealed- 
off tube with an accelerating voltage of 10kV 
and a time sweep that can ba adjusted from 
0-2 to 300 microseconds. The camera is fitted 
with an f.1-0 Wray lens. 

Work on transformers _ includes—besides 
surge studies—investigations on short circuit 
stresses, temperature gradients and transformer 
noise. For this group of studies use is made of a 
number of specially designed experimental 
transformers. One, intended for surge distri- 
bution tests, has a helical 1.t. winding and a 
continuous disc h.t. winding insulated for 
33kV, tappings being provided at each coil 
junction to provide points of measurement 
throughout the winding. Another transformer 
is provided with a number of concentric helical 
coils arranged so that various practical arrange- 
ments of concentric windings can be simulated. 
A third transformer is designed for work on 
temperature gradients and oil flow. It has a 
helical 1.t. winding and a bobbin-type h.t. 
winding, such as would normally be used for 
11kV but, to reduce the voltage and allow 
thermocouples to be used with safety, the 
winding is connected in four parallel sections. 
There is also a special transformer designed 
for checking the various assumptions that must 
be made to simplify the mathematics involved 
in the calculation of short circuit stresses in 
transformer winding. For this purpose the 
transformer has two identical disc windings, 
arranged in such a way that the degree of 
asymmetry is under complete control. 


Wixnp PowER 


A study of the potentialities of wind power 
for electricity generation is a comparatively 
new responsibility of that department of the 
E.R.A. whose main concern is rural electrifica- 
tion. The work on wind power includes 
researches on wind régimes on selected sites, 
the behaviour of wind flowing over different 
shapes of hills, designs and costs for various 
kinds and sizes of wind-driven generating plant 
and the performance of pilot installations up to 
100kW capacity. 

The first of these pilot plants is the 100kW 
equipment built for the North of Scotland 
Hydro-Electrie Board by John Brown and Co., 
Ltd., on Costa Hill, a very windy site on the 
Orkney mainland, which has been the subject 
of prolonged wind velocity surveys. The genera- 
tor, which is to be connected to the island’s 
electricity supply network, will be undergoing 
tests during the coming winter to measure its 
performance under varying wind conditions. 

A second wind generator is being installed on 
Mynydd Anelog, Caernarvonshire. Thisgenerator 
will work on the Andreau principle, making use 
of the induced draught created, within a vertical 
cylindrical enclosure, by the wind-driven rotor. 
The installation is being carried out by Enfield 
Cables, Ltd. 





Books of Reference 


Molesworth’s Handbook of Engineering Formule 
and Data. Thirty-fourth edition. Edited by Dr. 
A. P. Thurston. London: E. and F. N. Spon, 
Ltd., 129b, Victoria Street, S.W.1. Price 32s. 6d. 
—Molesworth, as this well-known book of refer- 
ence has been familiarly known to succeeding 
generations of engineers since it was first published 
in 1862, although it has changed its format and 
grown out of all recognition, retains its principal 
features and presents information covering a wide 
field in a concise and comprehensive way. Under the 
editorship of Dr. Thurston it has been completely 
revised, reset and substantially enlarged. A large 
team of well-known authorities has contributed 
various sections on specialised subjects to make the 
new edition of the handbook a valuable up-to-date 
work of reference for use in the design office, the 
works or in the field. The book is conveniently sub- 
divided into four main sections covering broadly 
general information, civil and general engineering, 
mechanical engineering, and electrical engineering. 
A new chapter has been introduced on the subject 
of welding, and there are new and enlarged sections 
on concrete, soil mechanics, surveying, roads, &c. 
As is essential with a volume containing information 
and data on such a wide range of technical subjects, 
a good index is provided to assist its users to find 
quickly and easily the particular notes they require. 
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French Engineering News 
(From our French Correspondent) 


Monsieur Lehideux, chairman of t!.e Fond 
Motor works in France, has handed a plan {, 
the American E.C.A., which, he hoyes, vill 
result in the setting up of a European plan fo, 
automobile construction. 

At a recent conference Monsieur I chide 
pointed out that the days of full ordcr bog 
were passing. Production was growing an; 
before long manufacturers would be locking fq, 
buyers. He also pointed out that jus: as th, 
demand for heavy lorries was growing, g 
certain kinds of private automobiles migh 
attract particular attention, and this woy\q 
send the price up. If prices rose steeply the, 
the French automobile industry woulc be hit 
seriously. He suggested, therefore, that a king 
of technical pool for Europe be set up, which 
would standardise cylinders, chassis and certajy 
accessories. He pointed out that in order ty 
keep costs down these parts would have to be 
freed from all Customs duties, but he went op 
to say that Governments would not suffer from 
that, as they would obtain higher revenue from 
the sale of more cars. Monsieur Lehideux 
warned the industry that prices could not be 
brought down simply by increased productio, 
and insisted on standardisation on a wide scale, 

>” * * 

A new reconstruction plan for Indo-China 
has been prepared, which suggests that the 
French are satisfied that the war there js 
turning in their favour. The first part is con. 
sidered fairly modest and amounts to about 
14 million pounds sterling. This sum will be 
used on a variety of projects, including modern. 
isation of coal mines, widening of canals, and 
the irrigation of rice plantations. 

* * * 


The keel of the 10,000 tons “ Jean-Laborde ” 
has been laid. This vessel is similar to the 
** Ferdinand de Lesseps,”’ which was launched 
last July and will be used on the Messageries 
Maritimes lines. Its main dimensions are: 
140m long by 19-06m wide. It will have two 
Burmeister and Wain 6000 h.p. engines, built 
by the Forges et Acieries du Creusot. Its top 
speed will be around 17 knots per hour. The 
ship will be ready to enter service by the middle 
of 1953. 

~ * >. 

What is believed to be the world’s largest 
aeroplane hangar is nearing completion at 
Marignane. It is being built by the Entreprises 
Boussiron and has a vaulted roof which covers 
an area of 6000 square metres, weighs 4300 tons, 
and has a minimum ground clearance of 19m, 
The hangar is due to be completed by the end 
of October. 

* * 

Work ‘on the proposed Mont Blanc tunnel 
is being held up through financial difficulties. 
The technical problems set by the project 
have been solved, on paper at least, and all 
that remains is to decide the type of ventilation 
and lighting to be installed. Several meetings 
between French, Italian and Swiss engineers 
and financial experts have resulted in sug- 
gestions for financing the tunnel but none have 
been agreed upon. There will be another 
meeting in November. The Swiss, it is under- 
stood, will rebuild the Geneva-Chamonix road 
once a final decision is taken and work on the 
tunnel starts. 

* * 

Although still on the secret list, the new 
French “‘ Mystere”’ fighter aircraft was given 
some publicity recently, when it was matched 
with an American ‘ Sabre,’”’ which had been 
flown specially from Britain. Figures released 
show that the ‘“‘ Mystere” reached a speed 
equivalent to a Mach number of 0:98. The 
published results showed that if the U.S. 
fighter was easier to handle and faster at lower 
altitudes, the ‘‘ Mystere ”’ was far better at very 
high altitudes. 

* * * 

Two million pounds more than was originally 
intended will be spent in 1952 on the upkeep of 
French roads. Altogether £17 million will be 
spent. This sum is considered insufficient. 
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Industrial and Labour Notes 


The Training of Supervisors 

In the early part of this year, under 
arrangements made by the Anglo-American 
Council on Productivity, a specialist team from 
this country visited the U.S.A. to study the 
training of supervisors. The team was led 
by Mr. John R. Armstrong, chief education 
oficer of Joseph Lucas, Ltd., and included 
representatives of industry, educational estab- 
lishments, the Ministry of Education, pro- 
fssional societies, the nationalised industries 
and trade unions. Its report was published at 
the end of last week by the Anglo-American 
Council on Productivity. 

During its tour, the team made investigations 
in twenty-one industrial organisations, five 
educational institutions and in seven profes- 
sional and trade associations. The report says 
that, generally speaking, it was only possible 
to study what was happening in the larger 
organisations and little direct information 
could be obtained as to what was being done 
in the smaller firms. The team, as a result of 
its investigations, concluded that in the U.S.A. 
industry treats the selection and training of 
supervisors as a matter of high policy affecting 
all members of management from company 
president down to foreman. The American 
foreman occupies the lowest rung of the super- 
visory ladder, but he is looked upon as part of 
the management by his superiors and is seen 
as such by the operatives under his charge. 
He is given the opportunity to participate in 
formulating company policy and his opinion 
is sought as a matter of principle. In America, 
the report notes, the foreman is given a salary 
with a reasonable margin above maximum 
operative earnings and has all the normal 
managerial privileges. There is a wide accep- 
tance and understanding that success in the 
handling of the human material controlled by 
the forernan is the true measure of his practical 
efficiency. The need for an adequate standard 
of technical ability is taken for granted. 

The team reports that in most of the American 
firms visited a systematic approach is made 
to the selection of supervisors. Managements 
are willing to take specialist advice in devising 
selection procedures and are prepared to 
experiment with a variety of psychological 
tests. The two outstanding principles of 
American supervisor training, the report states, 
are that training must be carried out within 
the company and projected against the back- 
ground of the company’s own policies and 
practices, and that training is the -respon- 
sibility of all members of the “‘ line ’’ organisa- 
tion and must be applied by them. American 
managements are also giving considerable 
thought to training in human relations. The 
view is widely held that, although greater 
productivity has been achieved in the past by 
technical improvement, a better return can be 
obtained in the future through the medium of 
human relationships. Among the recommenda- 
tions which the team puts forward for con- 
sideration by British industry is that if super- 
vision is to play its full part in promoting pro- 
ductivity, then all supervisors of foreman 
level and above should be regarded as respon- 
sible members of the management team. This 
implies that they should be consulted and 
kept well informed about company policy and 
procedures and should be given adequate 
status and prospects of promotion by merit. 
More attention, it is urged, should be given 
to the supervisor’s ability to understand and 
deal with people and to the development of the 
idea that this is at least as important as his 
technical and administrative responsibilities. 


An International Conference of Manu- 
facturers 


A team of thirty British industrialists, 
organised by the Federation of British Indus- 
tries and the British Employers’ Confederation, 
will be leaving shortly for the U.S.A. to par- 
ticipate in the first international conference of 


manufacturers, which is to be held in New 
York from December 2nd to 5th, The team is 
to be led by Sir Cuthbert Clegg, president of 
the British Employers’ Confederation, and Sir 
William Rootes, acting as deputy for the 
president of the Federation of British Indus- 
tries. 


The conference is being arranged by the 
Economic Co-operation Administration, in col- 
laboration with the National Association of 
Manufacturers of America and the National 
Management Council of America. Its purpose 
is to enable leading industrialists of the U.S.A., 
Britain and Western Europe, by a personal 
exchange of views, to secure a better under- 
standing of each other’s problems, to discuss 
efforts now being made to promote higher pro- 
ductivity and to consider ways of continuing 
those efforts in the future. The various sessions 
of the conference will deal with production 
policies which contribute directly to increased 
output and a reduction in time and effort 
with a minimum of new capital and equip- 
ment, including methods to help overcome 
material and power shortages; marketing 
policies which cut the cost of distribution, 
broaden markets and increase domestic and 
export sales ; employee relations policies which 
develop the fullest co-operation between man- 
agement and labour towards greater production, 
lower costs and higher wages ; financial policies 
which protect the resources of industry and 
provide and attract capital needed for industrial 
expansion and modernisation; competitive 
policies providing for the exchange of tech- 
nical and managerial information and providing 
strong incentives for better quality and service 
and lower prices; public relations policies 
which reflect industry’s responsibilities to 
the community, the customer, owner and 
employee. 

In addition to this country, delegations to 
the conference have been nominated by Austria, 
Belgium, Denmark, Eire, France, Germany, 
Greece, Holland; Iceland, Italy, Luxembourg, 
Norway, Sweden, Switzerland and Turkey. 
Those who attend will have an opportunity to 
visit American plants and industrial establish- 
ments. Members of the British delegation, it 
is stated, will visit Canada after the conference. 


Training for Industry 

A week-end conference organised by 
the British Employers’ Confederation was 
addressed on Saturday last by the Minister of 
Labour, Sir Walter Monckton, who stressed 
the need for adequate training, and also 
observed that the biggest problem with which 
he had to deal was the manpower shortage. 
Sir Walter said that, as he saw it, the labour 
force just would not meet all the demands 
made on it, and the question was therefore 
how to obtain a proper balance between the 
labour supply for the least essential jobs and 
for those-which must be given priority, both 
from the viewpoint of the defence programme 
and the economy of the country. 

Sir Waiter went on to say that the quantity 
of labour at the disposal of our industries and 
services could not be increased appreciably 
and the quality must therefore be improved. 
As a means of raising the level of productivity 
and the standard of production on which the 
immediate economic future of the country 
depended, industrial training was indispensable. 
Sir Walter summed up his address by suggesting 
to industry five points for better productivity. 
They were: training must be a continuous 
process so that instruction in the job and all 
that it involved became part of the worker’s 
industrial life; training must be carried out 
with the prime object of increasing production 
and productivity, improving quality and 
efficiency and avoiding waste of manpower ; 
training should be aimed not merely at making 
a man a better workman, but at making him a 
better citizen; those who held key positions 
in supervisory posts must also be thoroughly 


and properly trained to do their jobs ; training 
systems must be kept flexible. The more 
attention was focused on industrial training in 
all its aspects, Sir Walter added, the better it 
would be for industry and the nation. 
Machines and Finance 

In the latest issue of its monthly 
review, the Federation of British Industries 
has set out what it considers to be the primary 
tasks of the new Government. It says, in 
general, that ‘“‘ the Government must create 
conditions in which industry can win the last 
ounce of output from our existing’ resources,” 
and that conditions must be created in which 
there can be greater opportunity and incentive 
for all sections of the community to give their 
best. 

The Federation urges, among other matters, 
financial conditions in which industry can be 
helped rather than hindered in providing 
the best and most up-to-date machinery and 
equipment. This, it is suggested, calls for 
consideration first as to whether the present 
level of taxation of industrial profits is con- 
sistent with the greatest physical efficiency of 
industry, and, secondly, whether the present 
system of computing industrial profits is noi, 
in fact, an obstacle to that very objective. 
As things are, the Federation comments, our 
present taxation system considers a profit 
has been earned and then taxes that profit 
even when it has been used only to replace 
the same volume of stocks and machines at 
much higher prices. If industry is to achieve 
the overall objective of increased production 
by higher productivity, it must not only be 
allowed, but must be helped to make full pro- 
vision for the replacement of machinery and 
equipment and to raise capital to finance new 
developments and enterprises. 


Railway Shopmen’s Wages 


It was announced on Tuesday last 
that the Railway Executive had replied to the 
claim for a wage increase put forward rather 
more than a month ago on behalf of 130,000 
employees in railway workshops. The claim 
was submitted by the Confederation of Ship- 
building and Engineering Unions and the 
National Union of Railwaymen, the actual 
amount not being disclosed. At the time, it 
was stated to be for a “‘ substantial increase.”’ 
The Railway Executive’s response, it is stated, 
made an offer of an increase, but, again, the 
actual amount has not been revealed. The 
unions involved undertook to consider the 
Executive’s offer and to announce their decision 
concerning it at a further meeting of the 
Railway Shopmen’s National Council. 


Coal Output 

Output of coal from the deep mines, 
which amounted last week to 4,314,900 tons, 
was higher than in any week since May 26th. 
Output from opencast workings amounted to 
228,300 tons, so that total coal production last 
week was 4,543,200 tons, as against 4,393,700 
tons in the corresponding week of 1950. 

In the first forty-four completed weeks 
of this year the total coal production was 
187,214,800 tons, compared with 182,374,900 
tons in the corresponding period last year. 
Inland consumption of coal, however, in the 
first forty-three weeks of this year was, at 
169,611,000 tons, more than 6,000,000 tons in 
excess of consumption during the comparable 
period of 1950. 

In the week ended October 27th, there were 
694,200 workers on colliery books, the same 
number as in the preceding week. The number 
of face workers, however, declined slightly to 
285,800. The number of shifts worked per wage 
earner during that week was 5-05 and the output 
per manshift at the face was 3-21 tons. Total 
distributed coal stocks on October 27th 
amounted to 16,807,000 tons as against 
15,452,000 tons on October 28, 1950. 
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Notes and Memoranda 


Rail and Road 


StanDaRD SECTIONAL RatLway WAREHOUSES.— 
It has long been the practice for the railways to 
provide self-contained buildings in goods yards 
and at outlying stations for renting by private 
traders. The Railway Executive has now produced 
a standard store, the prototype of which has been 
erected at Waterloo for exhibition. The new store 
is of precast concrete and embodies a unit platform 
and floor, with posts and rafters cast as one unit 
and separate wall panels, purlins and roof units. The 
store is available in two widths, 20ft and 13ft 6in, 
and the minimum length of 20ft may be extended 
as desired in units of 6ft 6in. A compound store 
may be formed of any combinations of the two 
widths. Doors and windows can be arranged in any 
panel. The basic store is lied with the walls 
lined with timber battens, Perspex sheeting roof 
lights and a canopy over the unloading dock on the 
rail side. A standard store of this design can be 
erected by six men in about 120 working hours. 


Air and Water 

Am Transport Company.—A company, called 
the Princess Air rt Company, Ltd., has been 
formed to study the factors affecting the operation 
of the “ Princess” flying-boats. Saunders-Roe, 
Ltd., has subscribed three-quarters of the capital 
and Airwork, Ltd., the remaining quarter. The 
directors are Mr. M. D. N. Wyatt, chairman ; 
Sir Archibald Hope, Mr. G. A. V. Tyson, Mr. P. D. 
Irons and Captain H. W. C. Alger, general manager. 


H.M.S. “‘ Eacte.”—Having completed builders’ 
trials, H.M.S. “ Eagle,” with a naval steaming 
party on board has sailed for Devonport after being 
accepted from her builders, Harland and Wolff, 
Ltd. After taking stores on board the ship will 
carry out harbour trials until November 13th and 
then sail for the Clyde for machinery and steering 

trials, which are expected to last until Novem- 
ber 26th. Naval trials will continue until the 
following spring, after which air squadrons will 
be flown for flying training. 


Miscellanea 

Overseas Economic Surveys.—Surveys of 
economic and commercial conditions in Portugal 
and Honduras have been published by H.M. 
Stationery Office, price 3s. and 1s. net respectively. 
They are the latest volumes in the series of Overseas 
Economic Surveys issued by the Commercial 
Relations and Export Department. of the Board of 
Trade. - 

Pairs’ Diamonp JusmEeE.—The July-August 
issue of Philips Technical Review is largely devoted 
to the diamond jubilee of the Philips’ Lamp Works 
at Eindhoven. It contains an article “ Scientific 
Research of Philips’ Industries from 1891 to 1951,” 
by W. de Groot, describing the company’s laboratory 
of 1914-23, the new laboratory of the era 1923-40 
and the period between 1940 and 1951. 


Srorace BaTTeRIES AND THE SHORTAGE OF 
Leap.—Speaking at the Exide Motor Show Press 
luncheon recently, Mr. Schofield, the chairman of 
Chloride Batteries, Ltd., referred to the shortage 
of lead and its high price—factors which had 
encouraged the development of new storage battery 
techniques. He said that his company had, 
for example, introduced a micro-porous plastic 
separator, whereby it would be possible to put lead 
to more efficient use and, at the same time, to 
improve battery life and efficiency. 


ORGANISATION OF RESEARCH.—The Department 
of Scientific and Industrial Research announces that 
an international symposium on the organisation of 
scientific and industrial research is to be held in 
London from Monday, November 12th, to Thursday, 
November 15th. All the sessions will be held in the 
Council Room at Lancaster House, London, 8.W.1, 
with the exception of a session on “ Sponsored 
Research,” which will be held at the National 
Physical Laboratory, Teddington. Representatives 
from fifteen countries are expectéd to attend the 
symposium. 

Tue Late Mr. W. F. Ancus.—We have learned 
with regret of the death of Mr. William Forrest 

, which occurred, suddenly, in Montreal on 
October 14th. Mr. Angus, who was in his seventy- 
eighth year, had been associated with the Dominion 
Bridge Company, Ltd., for the past fifty-five years 
and had been president of that company, and its 
associate, Dominion Engineering Works, Ltd., 
since 1936. He was also a vice-president of the 
Canadian Car and Foundry Company, Ltd., and a 
director of several other engineering and industrial 
concerns in Canada. 


ELECTRODE “ 48” ron WELDING Mixp STEELS.— 
A twenty-eight-page booklet has been published 
by Philips Electrical Ltd., Century House, Shaftes- 
bury Avenue, London, W.C.2, giving full technical 
information about the company’s “ 48 ” are welding 
electrode, which is a solid extruded mild steel 
electrode suitable for welding mild steel in all 
positions, Useful technical data dealing with 
various applications of the electrode are included in 
eighteen tables and the text of the booklet is well 
illustrated. 

An Inrropuction to EXPERIMENTAL STRESS 
ANaLysIs.—A course of lectures on experimental 
stress analysis will be delivered at the Northampton 
Polytechnic, St. John Street, London, E.C.1, on 
Monday evenings at 7 p.m., starting on November 
26th. The lectures are intended for engineers and 
physicists who are engaged in research, development 
or design work involving the consideration and 
measurement of stresses, and the course is designed 
to form a general introduction to the use of experi- 
mental methods of stress analysis. The fee for the 
course is 30s. for non-students and 15s. for enrolled 
students of the Polytechnic. Further particulars 
can be obtained from the Civil and Mechanical 
Engineering Department of the Polytechnic at the 
above address. 


Fitm on Grain Dryinc.—The latest addition to 
the series of instructional films produced for Shell- 
Mex and B.P., Ltd., is one on grain drying. It is a 
sound film which has been made in two parts by 
S.I.M.P.L., Ltd., and the running time is approxi- 
mately fifty-six minutes. The first part of the film 
deals with the basic problem of grain drying, and 
shows most effectively the changes that occur in 
single grains during the drying process. It also 
indicates how the essential properties of the grain 
can quickly be impaired by ine: i or lack 
of care in the drying operation. The second part 
of the film illustrates the actual drying process and 
the equipment required. The principal forms of 
storage and drying plant at present in use are 
shown, including the platform or sack drier, the 
ventilated silo, the continuous hot air drier, and 
the mobile drier. Although the film is much longer 
than most of its kind, there is no point at which the 
interest of the viewer is likely to flag. The whole 
subject is presented in a way that cannot fail to 
instruct both technical and lay audiences. 

Farapay House OLp StupENTs’ AssociaTION.— 
The annual dinner of the Faraday House Old 
Students’ Association was held at the Savoy Hotel, 
London, on Friday, November 2nd. After the 
loyal toast had been proposed by the chairman, 
Mr. J. C. Thompson, president of the Association, 
the toast of “‘ Faraday House ” was proposed by Sir 
John Hacking, president of the Institution of 
Electrical Engineers. Referring to present needs 
in technological education, Sir John said that, to 
maintain the prestige of engineers it was necessary, 
from time to time, to raise the standards of admission 
to corporate membership of the Institution of 
Electrical Engineers. Dr. W. R. C. Coode-Adams, 
Principal of Faraday House, responded to the toast 
and mentioned some of the honours and successes 
achieved by Old Students. The toast of “ The 
Guests ” was proposed by Mr. A. W. Berry, imme- 
diate past-president of the Association, and the 
reply was made by Vice-Admiral Sir Michael M. 
Denny, Third Sea Lord, who spoke of research and 
development as one of the functions of the branch 
of the Admiralty with which he was concerned. In 
this sphere of activities the Admiralty was spending 
more on electrical engineering than on any other 
branch of naval technology ; it was, for example, 

nsoring the development of electronic valves. 
Sir Michael made a strong plea for simplicity in the 
design dnd construction of equipment with the 
object of making it easy to maintain : refinements 
aimed at achieving higher efficiency and improved 
performance were apt to be wasted if they involved 
increased complication. 


Launches and Trial Trips 


Iniape, oil tanker; built by Harland and Wolff, 
Ltd., for Société Navale Delmas-Vieljeux et 
Société Anonyme Courtage et Transports, Paris ; 
length between perpendiculars 540ft, breadth 
moulded 73ft, depth moulded 39ft 3in, deadweight 
18,700 tons; Harland-Burmeister and Wain 
single-acting, two-cycle, opposed-piston oil engine, 
six cyli , 750mm diameter by 2000mm com- 
bined stroke, 114 r.p.m. Launch, October 11th. 

CHAKDARA, cargo liner; built by Barclay, Curle 
and Co., Ltd., for the British India Steam Naviga- 
tion Company, Ltd.; length 455ft, breadth 62ft 6in, 
depth to shelter deck 40ft 9in, five cargo holds, bale 
capacity 550,000 cubic feet, two heavy derricks of 
30 tons and 20 tons lifting capacity, twelve passen - 


gers; Barclay, Curle-Doxford oil engi.o, gi; 
cylinders, 670mm diameter by 2320mm combing 
stroke, 6800 b.h.p. at 116 r.p.m., two cy!indrica) 
multitubular boilers. Trial, October 12th. 

Cuakrarta, cargo liner; built by Swan, Hunte 
and Wigham Richardson, Ltd., for the British 
India Steam Navigation Company, Ltd.; length 
between perpendiculars 455ft, breadth 6.ft 6in, 
depth to shelter deck 40ft 9in; Swan, Hunte,. 
Doxford oil engine, six cylinders, 670mm < iamete 
by 2320mm combined stroke, 6800 b.h.p. at 11 
r.p.m.* Launch, October 15th. 


Personal and Business 


J. H. Fenner anv Co., Ltd., has opened a ney 
branch at 73-77, Manchester Road, Burnley 
Lancs. Mr. E. Hardy is branch manager. 

Mr. D. Hancock has joined E. Boydell aid (po, 
Ltd., as technical representative in Souih-Wes 
England. His address is 134, St. Katherine’s Road, 
Exeter. 

BurRKE AnD Son, Ltd., 18, Strangford Avenue, 
Belfast, has been appointed sales representative 
for Lancashire Dynamo and Crypto (Mfg.), Ltd., i, 
Northern Ireland. 

W. H. Dorman anv Co., Ltd., Stafford, states 
that Mr. W. E. Mitchell, chief engineer, and Mr, 
J. W. Whimpenny, production manager, have been 
appointed special directors. 

Joun Harper anv Co., Ltd., Willenhall, Stafis, 
has recently completed the purchase of the foundry 
known as St. James’ Works, Poole, Dorset, hitherto 
operated by Poole Foundry, Ltd. 

BLACKBURN AND GENERAL ArroraFt, Ltd., has 
been appointed agents for the Turbomeca range of 
jet units and has established a department at the 
London office at 43, Berkeley Square, W.1, to 
handle sales. 

THe Newatt ENGINEERING Company, Ltd, 
states that its used machine division has now been 
moved to premises at Glatton Airport, Connington, 
Hunts (telephone, Sawtry 325), to which all 
inquiries should be addressed. 


Mr. P. D. Douttron, M.I.Mech.E., M.Inst.Pet., 
A.M.I.Chem.E., a director of Matthew Hall and Co., 
Ltd., and Kelco (Metals), Ltd., has been elected 
a member of the executive committee of the 
Council of British Manufacturers of Petroleum 
Equipment. 

Mr. W. H. Purpr, director of William Doxford 
and Sons, Ltd., Sunderland, has been elected chair- 
man of the National Association of Marine 
Engine Builders. Mr. Ewen H. Smith, director of 
David Rowan and Co., Ltd., Glasgow, has been 
elected vice-chairman. 


InpusTRiIaL Drives, Ltd., is the title of a new 
company incorporating the mechanical drives 
section of the Package Sealing Company, Ltd, 
Ealing, and H.D. Engineers, Gerrards Cross. The 
address of the new company is 44, Uxbridge Road, 
Ealing, W.5 (telephone, Ealing 9222). 

Sm Gzorce W. Barr, C.B.E., acting upon 
medical advice, has resigned as managing director 
of the Fairfield Shipbuilding and Engineering Com- 
pany, Ltd., and Mr. F. W. Barr and Mr. D. D. 
McPhie respectively, the shipbuilding manager and 
secretary to the company, have been elected to the 
board. 


Tue Britisu ELectRIciry AUTHORITY announces 
the appointment of Mr. R. R. Maddock, B.Eng., 
A.M.1.Mech.E., A.M.I.E.E., generation engineer 
(construction) of the Eastern Division, as chief 
generation engineer (construction) of the Midlands 
Division, in succession to Mr. L. F. Jeffrey, M.I.C.E., 
M.1.Mech.E., M.LE.E., who has been appointed 
controller of the East Midlands Division. 


Dr. J. Warp, B.Sc., M.I.Mech.E., M.I.Mar.E., 
has retired from his position as head of the civil 
and mechanical engineering department at the 
Huddersfield Technical College, and has joined the 
Norwood Engineering Company, Ltd., Hudders- 
field, as technical consultant. Mr. J. D. Walker, 
B.Sc., A.M.I.Mech.E., has been appointed to 
succeed Dr. Ward at Huddersfield Technical 
College. 

BLaAcKBURN AND GENERAL Arkorart, Ltd. 
Brough, East Yorks, announces that Mr. N. E. 
Rowe, C.B.E., M.I.Mech.E., F.R.Ae.S., is to be 
technical director of the company from January |, 
1952. Air Vice-Marshal H. N. Thornton has joined 
the board and will be responsible for sales, his 
address being the London office at 43, Berkeley 
Square, W.1. Captain C. E. Ward has been 
appointed London manager responsible for the 
general direction of the London office. 
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British Patent Specifications 


When an invention is communicated from abroad the 
address of the communicator are printed in 


name and + 

italics, \Vhen an abridgment is not illustrated the specifica- 
“on ig without drawings. The date given is the date o, 
‘oplicaln 3 focal tein, Gl nlf te F 4 
is the date of publication of the ‘ 

Copie ¢aeaueaions obtained at the Patent 
Office Sa rt , 25, Southampton Buildings, Chancery 
Lane, W 


STEAM GENERATORS 


657,988. April 29, 1949.—Srsam GENERATING 
Purant, Roland Stern, 19, Esmond Road, 
London, W.4. 

The invention concerns improvements in 
apparatus for the continuous automatic discharge 
of sludge or scum from steam boilers. In the 
drawing A indicates the boiler and the dotted line B 
the level of water. The pipe CO, which extends from 
the bottom of the boiler either at the front or below 
go as to collect the sludge, or near the level of the 
water if scum is to be collected, runs first hori- 
yontally then vertically and makes a gradual 
descent to one side of a circulation sludge ejector D 
of the type described in Specification No. 305,977. 
The circulating path is completed by a pipe Z to 
the bottom of the boiler, preferably above the 
sludge. The vertical part of the circulation pipe C 
is surrounded by a jacket, which is conveniently 
formed in two parts. The lower part F is filled 
with insulating material so that the water in the 


NANNY SAANANAANANNS SE OE 


y 
Y 
Y 
Y 
Y 
y 
y 
Y 
y 
4 





No. 657,983 


pipe is maintained at as high a temperature as 
possible, while the upper part or steam chamber G 
provides a space for the admission of steam from 
the top of the boiler by a pipe H. This pipe is 
connected to the boiler above the level of the water. 
As a result of this arrangement the chamber @ is 
kept filled with steam at the same and 
approximately the same temperature as the steam 
in the boiler and thereby causes a circulation of 
water and mud through the circulation system 
including the sludge ejector. Water condensed 
from the steam which tends to collect at the bottom 
of the steam chamber, which is effectively sealed from 
the insulation chamber, returns to the boiler through 
the pipe H. This method of heating ensures that 
the temperature is never unduly high so as to cause 
a collection of steam bubbles in the circulation pipe ; 
it is at the same time adequate to ensure proper 
circulation of the water and mud.—October 3, 1951. 


658,398. October 10, 1949.—Prorectine ReTuRN 
Brenps oF SUPERHEATER ELEMENTS, The 
Superheater Co y, Ltd., 53, Haymarket 
London, '8.W.1 (communicated by Compagnie 
des § feurs and Andre Huet, both of 29, 
Rue de Berri, Paris, France). 

Referring to the drawings, the bend A, which 
may be assumed to be a return bend at the firebox 
end of a locomotive superheater element, has 
applied to it a cap B of a heat-resisting metal or 
alloy having considerable mechanical strength so 
that it is capable of resisting not only the high 
temperature of the gases from the firebox, but also 
erosion produced by cinders or other solid particles 
entrained by the gases. The cap has its inner 
surface fitting snugly to the outer surface of the bend 
in order that there may be contact as far as possible 
between the two surfaces and an efficient transfer 
of heat from the cap to the bend. A suitable 
number of apertures C extend through the cap and, 
when it is in position, form cavities to receive weld 
metal D. In addition to ing the cap to the 
bend, this weld metal facilitates the transfer of 
heat from the cap to the bend and thus to the 
steam flowing through the bend. The cooling effect 
of the steam in the bend is thus transmitted to the 
cap, thereby e the gases from overheating 
or burning t . At its lip or edge the cap is 
welded to the bend, as indicated at ZH; this weldi 
assists both in securing the cap to the bend and in 
the transfer of heat from one part to the other. In 
the design shown in the lower view the cap is so 
disposed in relation to the bend as to leave a slight 
space F between the opposed surfaces. The weld 
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metal deposited in the apertures flows into this gap, 
as indicated at G, and thus provides additional 
welding of the cap to the bend as well as further 
facilitating the conduction of heat from the cap to 
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the bend. If the apertures are only partially filled 
with welding metal, metal with a high heat resist- 
ing characteristic may be added as shown at H.— 
October 10, 1951. : 


658,713. June 3, 1949.—FurRnacsgs, International 
Combustion, Ltd., 19, Woburn Place, London, 
W.C.1 (Inventor : John William Wray). 

The invention relates to a furnace having a 
travelling grate stoker, its main objects being to 
provide means whereby a definite amount of ash 
and clinker is allowed to accumulate at the rear 
end of the travelling grate, and is automatically 
discharged from the travelling grate. In the draw- 
ing A is the dam which swings about a point B. 
A balance weight C operating through a — 
motion linkage consisting of a link D and lever E 
would keep the dam in equilibrium in any a 
position were it not for a counterweight F. A lever 
G@ carrying the counterweight moves through an 
angle corresponding with that described by the 
dam, and the apparatus is so arranged that the 
counterweight F lies on a line drawn horizontally 
through the fulcrum of the lever on which it is 
mounted when the dam is approximately in mid- 
position. Because of this, and due to the angle of 
movement being small, the pressure applied by the 
counterweight to the dam is almost exactly constant 
throughout its entire range of movement. The 
system of operation is as follows :—When the stoker 
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is first brought into —— no ash or clinker is 
present at the rear of the grate H and the dam 
occupies the position shown by the full lines on the 
drawing. As the grate travels towards the dam, 
bearing a layer of ash and clinker J, the movement 
of the clinker is a as it reaches the steeply 
inclined nose of the scraper and a small accumula- 
tion of ash and clinker occurs at that position. The 
accumulation continues as more and more ash and 
clinker are moved forward by the grate. The friction 
between the pile of material and the moving grate 
causes pressure to be applied by the material upon 
the face of the dam, and when this pressure over- 
comes the effect of the counterweight F the dam 
begins to swing backwards and ultimately reaches 
the position shown by the chain-dot lines. At this 
point the material lying upon the scraper behind 
and beneath the lower edge of the dam begins to 
fall over the back of the scraper and into the ashpit. 
When this occurs the pressure of the pile upon the 
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dam is reduced, allowing the counterweight to 
overcome the pressure on the dam; conse- 
quently the dam swings forward slightly, arresting 
the flow of ash and clinker into the ashpit. The 
extent of the accumulation is controlled by the 
counterweight, which is adjustable, either by move- 
ment along the lever or by adding or taking away 
weight. The hand levers L which are shown pro- 
jecting through the rear furnace wall are to enable 
the dam to be opened manually in the event of 
abnormally large pieces of clinker accumulating, or 
to enable access to be gained to the interior of the 
furnace.—October 10, 1951. 


TOOLS AND WORKSHOP APPLIANCES 


. December 6, 1949.—Boxir ADAPTERS, 
Henry Lindsay, Ltd., 47, Queen’s Road, Brad- 
ford, in the County of York, and Henry Lind- 
say, of the company’s address. 

The adapter A is formed with a laterally pro- 
jecting hook portion B, the underside of which is 
recessed at C to receive the raised upper surface of a 
movable tread D. The bolt adapter may be formed 
with a fixed rear support Z, as shown in the upper 
view, or it may have a flexible stem, shown in 
dotted lines, or it may be tapped with a screw 
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thread to receive a screw F in order to provide 
an adjustable rear support, as shown in the lower 
view. In the upper view the tread is shown 
engaging a flat surface G, whilst in the lower view 
the movable tread is engaging an inclined surface 
afforded by the flange H of a girder. The actual 
gripping surface of the movable tread may be 
serrated and in the specification various forms of 
treads are shown.—October 10, 1951. 


INTERNAL COMBUSTION ENGINES 


658,430. October 18, 1949.—InrERNAL ComBus- 
tion Enornes, The National Gas and Oil 
Engine Co., Ltd., Ashton-under-Lyne, and 
Joseph Jones, of 106, Broadoak Road, Ashton- 
under-Lyne, of the company’s address. 

This invention relates to internal combustion 
engines and to improving output by cooling the 
air or gases induced into the engine. The accom- 
panying drawing illustrates one ment for 
cooling the air. An evaporator vessel A is provided 
for receiving water containing a high percentage of 
ammonia. It is arranged to heat this vessel by 
exhaust gases through pipe B from the engine C. 
The evaporator outlet is connected to an ammonia 
gas condenser D cooled by circulating water. 
The condenser is connected to an expansion valve E 
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and an expansion coil F arranged in the air passage 
of the engine manifold G. The remote end of this 
coil is connected to a water-and-ammonia mixer 
or absorber vessel H, the outlet of which is con- 
nected by way of a circulating pump J and a heat 
exchanger K to the evaporator A. Weak liquid 
from the evaporator returns to the absorber vessel 
H by way of the heat exchanger K and the connect- 
ing pipes. In operation, expansion of the ammonia 
gas in the expansion coil causes reduction of tem- 
perature, thus cooling the air passing to the induc- 
tion pipe of the engine. A supply of water con- 

ining a high percentage of ammonia is fed to the 
evaporator by the circulating pump and ammonia 
is driven off from the water in the evaporator by 
the heat derived from the engine exhaust gases.— 
October 10, 1951. 
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Forthcoming Engagements 

i > , &c., desirous of 
of meetings inserted in this column, are 

to note that, in order to make sure o; their insertion, 


the necessary information should reach pe. syed on, or 

before, the ing ‘of the Monday of the precedi 

the meetings. In all cases the TIME and PLACE at which 
the meeting is to be held should be clearly stated. 
Association of Supervising Electrical Engineers 

To-day, Nov. 9th.—Crewr Brancu: Crewe Arms Hotel, 
Crewe, “Electric Welding,” W. Barnett, 7.30 p.m. 
——NorrincHaM Brancxe: Electricity Showrooms, 
Smithy Row, Nottingham, “‘ Estimating,” W. Brooks, 
7.30 p.m. 

Thure.,-Noo. 15th.—_ Kent Brancu: Royal Star Hotel, 
Maidstone, ‘‘ Capacitors,” T. A. Williams, 8 p.m. 

Fri., Nov. 16th.— = Brancu: Service Centre, 
9, Whitechapel, Liverpool, “‘ Television,” P. 8. Hersey, 
7.30 p.m. 

Sat., Nov. 17th.—Oxrorp Brancu: 8. E. B. Demonstra- 
tion Room, George Street, Oxford, “‘ Space Heating,” 
C. B. Cleland, 3 p.m. 

British Institution of Radio Engineers 

Wed., Nov. 14th.—N.E. Section: Neville Hall, West- 

Soo Street, Newcastle upon Tyne, “ Television Aerial 
ign,” G. L. Stephens, 6 p.m. 
Chemical Society 

Thurs., Nov. 15th.—Burlington House, Piccadilly, 

London, W.1, Reading of Original Papers, 7.30 p.m. 
Illuminating Engi ing Society 

Tues., Nov. 13th.—Lighting Service Bureau, 2, Savoy 
Hill, London, W.C.2, “* The Equipment and Functions 
of an Illumination Laboratory,” H. F. Stephanson, 
6 p.m.— LIvERPooL CENTRE: Electricity Board’s 
Service Centre, Whitechapel, Liverpool, “‘ Lighting of 
Architecture,” G. Grenfell Baines, 6 p.m. 

Thurs., Nov. 15th—GLOUCESTER AND CHELTENHAM 
CENTRE: The General Electric Co., Ltd., St. Aldgate 
Street, Gloucester, “ Film Studio Lighting,” W. R. 
Stevens, 6.15 p.m. 


Institute of British Foundrymen 

Sat., Nov. 10th.—Newecastte Brancu: Neville Hall, 
Westgate Road, Newcastle upon Tyne, ‘‘ The Obser- 
vation and Control of Dust in Foundry Dressing 
Operations,” followed by a film, “‘ Dust Flow,” pre- 
sented by W. B. Lawrie, 6 p.m.—-—W. Ripine oF 
YoRKsHIRE Brancu: Technical College, Bradford, 
z — Resins in the Foundry,” G. L. Harbach, 

.30 p.m. 

Sat., Nov. 17th—Bristot anp West or ENGLAND 
Brancu: Grand Hotel, Broad Street, Bristol, “‘ Pro- 
duction of Heavy Castings for Electrical Equipment,” 
N. Charlton, 3 p.m. 


Institute of Industrial Supervisors 

Mon., Nov. 12th.—Letcester Secrion : Brush Electrical 
Works, Loughborough, “‘ Methods Improvement and 
the Foreman,” F. J. Burns Morton, 7.30 p.m. 

Wed., Nov. 14th—-W. Bromwicu Section: J. Brock- 
house, Ltd., West Bromwich, “‘ Hard Metal,” film and 
discussion, 7.45 p.m. 

Thurs., Nov. 15th.—Lonpon Crentrat Section: The 
Polytechnic, Regent Street, London, W.1, “‘ Precious 
Metals in Industry,” A. E. Richards, 7.30 p.m. 

Institute of Marine Engineers 

Tues., Nov. 13th.—Paddington Technical College, 
Saltram Crescent, London, W.9, ‘“ The Con- 
struction of Marine Boilers,” A. P. Monk, 7.30 p.m. 
—The Institute, 85, Minories, London, E.C.3, “ Skips 
that Serve Ships,” T. Clark, 5.30 p.m. 

Fri., Nov. 16th.—Technical Institute, Falmouth, “‘ The 
Construction of Oil Tankers,” H. Armstrong, 7.30 p.m. 

Institute of Metals 

Mon., Nov, 12th.—Scortisu Locat Section : Institution 
of Engineers and Shipbuilders in Scotland, 39, Elm- 
bank Crescent, Glasgow, C.2, ‘“‘ Metals for Gas Tur- 
bines,” J. M. Robertson, 6.30 p.m. 


Institute of Navigation 
Fri., Nov. 16th.—Royal Geographical Society, 1, Ken- 
sington ‘Gore, London, S.W.7, ‘“‘ Recent Work on 
Polar Navigation,” L. Foster, 5 p.m. 


Institute of Petroleum 

Wed., Nov. 14th.—26, Portland Place, London, W.1, 

“ Detergents from Petroleum,” 8. F. Birch, 5.30 p.m. 
Institute of Road Transport Engineers 

Tues., Nov. 13th.—WesTERN GrovuP: British Oxygen 
Co., Bristol, ‘‘ Welding in Vehicle Repair,’”’ W. Good- 
child, 7.30 p.m. 

Wed., Nov. 14th.—Scortish CENTRE: Visit to Euclid 
(Great Britain), Ltd., Newhouse Industrial Estate, 
Lanarkshire, 7.15 p.m. E. Miptanps CENTRE: 
Mechanics Institute, Nottingham, ‘“ Fleet Organisa- 
tion and Maintenance,” R. C. Hunt, 7.30 p.m. 

Thurs., Nov. 15th—N.E. CENTRE: Hotel Metropole, 
Leeds, “Vacuum and Air Brakes,” 8. H. Edge, 
7.30 p.m. 

Institution of Chemical Engineers 

Sat., Nov. 10th.—N.W. Brancu: College of Technology, 
Manchester, “The Field of Rubber and Allied Pro- 
ducts in Chemical Engineering,” 8. A. Brazier, 3 p.m. 

Institution of Civil Engineers 

Tues,, Nov. 13th.—Rattway Enoiveerine Division : 
Great George Street, Westminster, 8.W.1, Discussion 
on “Economy in Railway Civil Engineering,” 5.30 
p.m, 


I otdtestd. isJ ey 








Institution of Electrical Engineers 
To-day, Nov. 9th,—N.E. StupEnts’ Szction : Grey Hall, 
King’s College, Newcastle upon Tyne, “ Electronic 
Motor Control,” C. R. Bates, 6.30 p.m. 
Mon., Nov. 12th.—Savoy Place, London, W.C.2, Dis- 
cussion on “The Equipment of an Electrical Engi- 
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neering Laboratory, 
Siklos, 6 p.m. 

Tues., Nov. 13th.—-N. Mipuanp CENTRE: British Elec- 
tricity Authority, 1, Whitehall Road, 1, “The 
Nervous System as a Communication Network,” J. A. 
V. Bates, 6.30 p.m. 

Wed., Nov. 14th.—Rapio Section : Savoy Place, London, 
W.C.2, “*The Life of Oxide Cathodes in Modern 
Receiving Valves,” G. H. Metson, 8. Wagener, M. F. 
Holmes and M. R. Child, 5.30 p.m. 


Institution of Engineering Draughtsmen and Designers 

Wed., Nov. 14th—Kent Area: King’s Head Hotel, 
Rochester, Kent, ‘‘ Sound Broadcasting, From Micro- 
phone to Transmitter,” F. C. Brooker, 7.15 p.m. 

Fri., Nov. 16th.—Lonpon ArEa: Room $10, London 
School of Tropical Medicine, London University, 
“The American Approach to Productivity,” R. D. 
Chapman, 7 p.m. 

Sat., Nov. 17th.—G.oucresterR Brancnw: Works Visit to 
the Gloucester Railway Carriage and Wagon Co., Ltd., 
Gloucester, 10 a.m. 


Institution of Mechanical Engineers 

To-day, Nov. 9th.—Storey’s Gate, St. James’s Park, Lon- 
don, 8.W.1,“The Design of Large Pumping Installations 
for Low and Medium Heads,” G. A. Wauchope and 
H. P. Humphreys, 5.30 p.m.——Scorrish Brancu : 
North British Station Hotel, Edinburgh, Presidential 
Address, A. C. Hartley, 7.30 p.m. 

Sat., Nov. 10th.—Miupitanp Brancu, Grapvates’ SEc- 
TION: Electricity Showrooms Lecture Theatre, Back 
Glebe Street, Stoke-on-Trent, ‘‘ Control of Industrial 
Process by Weight,” M. C. Hawkings. 

Tues., Nov. 13th—AvtTomosite Division: Storey’s 
Gate, St. James’s Park, 8.W.1, “‘ Independent Rear 
Suspension,’’ D. Bastow, 5.30 p.m. 

Wed., Nov. 14th.—YorKsHIRE a GRADUATES’ 
Section: Visit to Colliery, Worksop, 2 p.m. 

Thurs., Nov. 15th——Miptanp Branco: James Watt 
Memorial Institute, Great Charles Street, Birmingham, 
““Method of Testing Wire Ropes,” T. E. Dimbleby, 


6 p.m. 

Fri., Nov, 16th.—Storey’s Gate, St. James’s Park, 8.W.1, 
Thomas Hawksley Lecture, “Some Fuel and Power 
Projects,”” H. Roxbee Cox, 5.30 p.m.——SouTHERN 
Brancu, Grapuates’ Section: University College, 
Southampton, “ Photo-Elasticity,” J. Brabone, 7 = 

Sat., Nov. 17th—Miptanp Brancu, Grapvates’ SEc- 
TION: Morning Visit to British Thomson-Houston, 
Ltd., Rugby. 

Institution of Mining and Metallurgy 

Thurs., Nov. 15th.—Geological Society, Burlington 
House, W.1, “Major Changes in Mining Practice 
During Ten Years, 1940-1950, Rhokana Corporation, 
Ltd.,” E. K. McDermott, 5 p.m. 


Institution of Structural Engineers 
Sat., Nov. 10th.—Wa Les aND MONMOUTHSHIRE BRANCH : 
County Buildings, Colwyn Bay, ‘Problems in the 
Conveyance and Storage of Crushed Rock,” G. H. 
Hodgson, 6 p.m. 
Institution of Water Engineers 
Wed., Nov. 14th,—Institution of Civil Engineers, Great 
George Street, Westminster, 8.W.1, “‘ Submersible 
Pumps and Motors, Their Construction and Applica- 
tions,” W. L. Gardiner, followed by a film, 2.30 p.m. 


Junior Institution of Engineers 

To-day, Nov. 9th.—39, Victoria Street, London, 8.W.1, 
“ The Engineer and Safety,” F. M. Panzetta, 6.30 p.m. 

Fri., Nov. 16th.—39, Victoria Street, London, 8.W.1, 
Chairman’s Address, ‘* Cranes and Lifting Machinery,” 
P. B. Hebbert, 6.30 p.m. 

Sat., Nov. lith.—N.W. Section: Manchester Geogra- 
phical Society, 16, St. Mary’s Parsonage, Manchester, 
Film, “ Distinguished Company,” 2.30 p.m. 

Liverpool Engineering Society 

Wed., Nov. 14th.—24, Dale Street, Liverpool, ‘‘ Water 
Treatment for High Pressure Boilers,’’ E. L. Streatfield, 
6 p.m. 

Liverpool Joint Chemistry Committee 

Tues., Nov. 13th.—Mining and Technical College, Wigan, 
*“* Radio-Active Isotopes in Biochemical Research,” 
J. Glover, 7 p.m. 


Liverpool Metallurgical Society 

To-day, Nov. 9th.—Electricity Service Centre, White- 
chapel, Liverpool, “‘ What is a Dislocation,” B. A. 
Bilby, 7 p.m. 

Tues., Nov. 13th.—City Technical College, Byrom Street, 
Liverpool, ‘“‘ Welding Metallurgy,” E. C. Rollason, 
7 p.m, 

Manchester Association of Engineers 
Fri., Nov. 16th.—Engineers’ Club, Albert Square, Man- 
hester, ‘* Engi ing Inspection and Metrology,” 
W. E. Landon, 6.45 p.m. 


North-East Coast Institution of Engineers and Shipbuilders 
To-day, Nov. 9th.—Literary and Philosophical Society, 
Newcastle upon Tyne, 1, ‘ Shortcomings of Struc- 
tural Analysis,” J. F. Baker, 6.15 p.m. 
Wed., Nov. 14th.—Sruprent Section: Bolbec Hall, 
Newcastle upon Tyne, ‘‘ Pumping and Pipe Arrange- 
ments in Ships,” C. R. Guha, 6.45 p.m, 
Royal Institution of Chartered Surveyors 
Mon., Nov. 12th.—12, Great George Street, London, 
8.W.1, Presidential Address, J. A. Arnold-Forster, 
5.30 p.m. 
Royal Institution of Great Britain 


Fri., Nov. 16th.—21, Albemarle Street, London, W.1, 
“New Materials in Engineering,” T. E. Allibone, 


9 p.m, 
Royal Society of Arts 
Wed., Nov. 14th.—John Adam Street, Adelphi, London, 
W.C.2, “ George Graham, Horologist and Astronomer,” 
H, Alan Lioyd, 6 p.m. 


opened by A. Draper and T. 
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Sheffield Metallurgical Association 

Tues., Nov. 13th.—Grand Hotel, Sheffield, « Some 
Simple Theoretical Aspects. of Ferrous Moet llurgy,” 
K. W. Andrews, 7 p.m. : 

Societe des Ingenieurs Civils de Franc: 

To-day, Nov, %h.—Bxrtisu SEction : Institutio:. of Elgg, 
trical Engineers, Savoy Place, London, W.C.:, “Th, 
Development of Hydraulic Power Production ad High 
Tension Transmission in France,” Brongniart 
. 5.30 p.m. 4 

Society of Chemical Industry 

Thurs., Nov, 15th.—Roap snp BUILDING M.. rer 
GrovuP: Institution of Structural Engin ors, || 
Upper Belgrave Street, London, 8.W.1, “ koads of 
the Past—Their Makers, Users, Traffic and ‘lode of 
Construction,” R. J, Forbes, 6 p.m, 


Women’s Engineering Society 
Mon., Nov. 12th.—Lonpon Brancw: 35, Grosvenor 
Place, 8.W.1, ‘‘ Training To-day,” 7 p.m, 
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Contracts 


Tue Brirish Iypia Steam Navieation Cox. 
PaNny, Ltd., announces that it has ordered foyr 
cargo vessels, each of 10,000 tons deadweiht and 
8800 tons gross, and driven by turbine machinery 
to give a speed of 164 knots. Two ships are to be 
built by Barclay, Curle and Co., Ltd., one by 
Scotts’ Shipbuilding and engonecing Company, 
Ltd., and the fourth at the Wallsend yard of Swan, 
Hunter and Wigham Richardson, Ltd. 


Durine the past month the British Electricity 
Authority has placed contracts for equipment for 
power stations, transforming stations and trans. 
mission lines amounting in the aggregate to 
£3,347,670. The principal contracts include :— 
Barking “C” power station, 33kV cables and 
accessories (Malcolm and Allan (London), Lid.); 
Marchwood power station, near Southampton, 
generator transformers (Ferranti, Ltd.); East 
Yelland power station, near Barnstaple, super. 
structures (Staverton Builders, Ltd.); Drakelow 
power station, Burton-on-Trent, two brick chimney 
stacks (P. C. Richardson and Co. (Middlesbrough), 
Ltd.) ; Hams Hall “ A” power station, near Bir. 
mingham, modifications to 132kV, 1500MVA 
switchgear and protective equipment (General 
Electric Company, Ltd.) ; Uskmouth power station, 
Newport, superstructurg to pumping station 
(Holloway Bros. (London), Ltd.); Ince power 
station, near Ellesmere Port, railway sidings 
(B.C.S. (Engineers and Contractors), Ltd.); 
Huddersfield power station, condensing and feed 
heating plants for one 30,000kW turbo-generator 
(Richardsons, Westgarth and Co., Ltd.); Thornhill 
power station, near Dewsbury, one 45,000kW turbo- 
generator and transformer (English Electric Com. 
pany, Ltd.); Stella North power station, New- 
castle upon Tyne, piling for main foundations 
(Franki Compressed Pile Company, Ltd.), and 
132kV, 3500MVA switchgear (A. Reyrolle and Co., 
Ltd.) ; Roosecote power station, Barrow, super- 
structure to main and ema buildings (J. 
Gerrard and Sons, Ltd.) ; Portobello power station, 
Edinburgh, building steelwork for second extension 
(Redpath, Brown and Co., Ltd.) ; Smethwick sub- 
station, Staffs, 132kV, 2500MVA switchgear (General 
Electric Company, Ltd.) ; Clydes Mil} substation, 
Glasgow, 132kV, 2500MVA switchgear (Metro- 
politan-Vickers Electrical Company, Ltd.) ; Portis- 
head-Lockleaze, 132kV overhead line (W. T. 
Henley’s Telegraph Works Company, Ltd.); 
Bathgate-Junction X, South-East Scotland, 132kV 
overhead line (W. T. Henley’s Telegraph Works 
Company, Ltd.); and Clydes Mill-Newarthill, 
South-West Scotland, 132kV overhead line (W. T. 
Henley’s Telegraph Works Company, Ltd.). 

—— 


A Protective Coating ror Furnaces.—We 
have received from Corrosion, Ltd., of 351, Coastal 
Chambers, Buckingham Palace Road, London, 
8.W.1, particulars of a range of refractory pro- 
tective coatings it is marketing under the name of 
‘“ Furnageote.” These new high temperature 
protective vitreous coatings can be applied to give 
a monolithic layer over existing refractories, 
irrespective of the surface condition, They can 
be applied by brushing or spraying and are stated 
to minimise spalling, protect against slag attack 
and abrasion, prevent air infiltration and preserve 
furnace brickwork generally. 


Omrietp Resuvenation.—As oil is withdrawn 
from a well the natural underground pressure from 
gases is reduced and production falls off, although 
large quantities of oil remain in the reservoir. This 
oil is generally obtained by a ‘‘ secondary recovery ’ 
method, such as pumping. In the Benton oilfield, 
Illinois, U.S.A., “ secondary recovery,” by flooding 
by water was tried by Shell engineers, water being 
pumped under high pressure into some wells to 
drive the oil towards the remaining wells. ‘The 
operation of oilfield rejuvenation by water flooding 
has resulted in the recovery of 1,000,000 barrels 
of oil, with the — of obtaining several more 
millions of barrels in the next few years. 








